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Franklin Institute. 


Hatt or THe Institute, Oct. 17th, 1877. 


The stated meeting was called to order at 8 o'clock P. M., Vice- 
President Chas. 8. Close in the chair. 

There were present 170 members and 44 visitors. 

The minutes of the last meeting were read and approved. 

The Actuary presented the minutes of the Board of Managers, 
and reported that at the last meeting the following donations were 
made to the Library : 


Specifications and Drawings of patents. U. S. Patent Office. 
For March and April, 1877. From U. 8. Patent Office. 


First and fifth to eighth annual reports of the State Board of 
Health of Massachusetts. From the Secretary of Board. - 


Seventh report of the South Pass of the Mississippi River. July 
24,1877. By M. R. Brown. 
Map of Turkey and parts adjacent. From Secretary of War. 


Minutes of proceedings of the Institution of Civil Engineers. 
London. Vol. 49. Sess. 1876-77. Pt. 3. From the Institution. 
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American ephemeris and nautical almanac, for the year 1880. 
From Navy Dep't. 

Keport of trial of steam machinery, of U.S. Revenue steamer 
“Gallatin.” January, 1874-75. From C. E. Emery, N. Y. 

Resultant fault in conduction, etc., etc., tests. By Ayrton & 
Perry. 

Certain modifications that must be introduced in the mathematical 
theory of electricity. 

On a neglected principle that may be a in earthquake 
measurements. From Perry & Ayrton, authors, professors Imp. 
College of Eng., Tokio, Japan. z 

Report of the director of New York Meteorological Observatory, 
for 1876, From D. Draper, Director. 

Tramways et chemins de fer sur Routes. Par P. Challot. Paris, 
1877. From the Minister of Public Works, France, through Vice- 
Consul D’Elpeux, Philada. 


Massachusetts Institute of Technology. President’s report for 
the year 1876. Boston, 1877. From the President. 


La Vue du Monde. Par F. W. C. Trafford. Lausanne, 1877. 
From the Author. 


Treatise on the use of Belting for the transmission of power. 
By J. H. Cooper. Philada., 1877. From the Author. 


57th report of the Managers of the Apprentices’ Library Co. of 
Philada. 1877. From the Company. 


Verhandlungen des Naturhistorisch-Medicinischen Verein zu 
Heidelberg. N.S. Vol. 2, Part I. Heidelberg, 1877. From the 


Union. 


Fifty-eighth Report of the Board of Education, Philadelphia, 
1877 


One Hundredth Anniversary of the Declaration of Independence, 
From E, Hiltebrand. 


Report du directeur de l’observatoire cantonal de Neuchftel au 
departément de ]’interieur sur le concours des chronométres pendant. 
l'année 1875. Neuchatel, 1876. 

Report of the Object, Foundation, Organization and Attendance 
of the Voluntary School, in St. Gall, for the improvement of mer- 
chants’ and artisans’ apprentices. From 8. L. Smedley. 


Mr. Chas. M. Dupuy, C. E., read a paper on making wrought iron 
direct from the ore. 

The Secretary presented his report, which embraced the methods — 
of Palamade Guzzi and of J. B. Knight, for determining the amount 
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of water mechanically suspended in steam ;' C. Tyson’s steam motor 
for sewing machines ; Holman’s life slide for the microscope ;* Hector 
Orr’s method of printing illustrations on the Bullock press; a new 
arid cheap form of monkey wrench, made by Morris, Tasker & Co.; 
E. F. Moody's pneumatic trough for lecture purposes; Diston’s post- 
hole digger ; samples of asbestos packing, steam-pipe covering, etc., 
made by the Asbestos Packing Company of New York; mineral 
wool, made from furnace slag, prepared by Mr. Elber; specimens 
of iron and deposits from a singular case of boiler corrosion ; 
Brush’s electric lamp, and electro-plated carbons for same; the Jab- 
lochkoff electric candle; and taps and dies for screw threads, of the 
Franklin Institute standard, and ring and plug gauges of the Whit- 
worth standard, made by the Pratt & Whitney Oo., of Hartford, Conn. 

Mr. J. B. Knight, representative of the Franklin Institute in the 
Pennsylvania Museum and School of Industrial Art, reported that 
“The arrangement of the Collections in Memorial Hall, as referred to 
in my report of June 20th last, is completed, and the trustees are now 
desirous of supplementing their usefulness by putting in operation 
classes in which will be taught the principles of design, together with 
technical instruction in some special industries. 

“To these classes, it is proposed to admit citizens of the state, at 
a nominal charge. 

‘The money provided by the original subscribers has been used in 
purchasing and arranging the collection, and the trustees confidently 
appeal to the citizens of the City and the State for the necessary 
means for beginning this important work, believing that if this plan 
of art education can now be put in operation, the Legislature of the 
State will soon recognize the importance of the work, and appropriate 
an amount of money for its permanent maintenance. 

‘The importance of such instruction, and especially its bearing on 
the great work in which the Institute has been engaged for so many 
years, must be apparent to you all; and for this reason these schools 
are commended to such material aid as will insure their opening 
at an early day.” 


On motion, the meeting adjourned. 


. 


J. B. Kniaut, Secretary. 


' See page 358, current number. 
i See page 292, current number. 
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HOLMAN’S LIFE SLIDE FOR THE MICROSCOPE:' 


In the use of the microscope in that branch of science called biology, 
it is often desirable to keep under view small organisms, such as bacteria 
and vibriones, for hours, and even for days and weeks at a time. 
Hitherto this has not been possible, for lack of a proper contrivance ; 
the animals would soon die from the exhaustion of oxygen in the 
confined space, and they were not in that normal condition necessary 
for satisfactory study during the time that they did live. 

Below is pictured what is known as Holman’s Life Slide, which 
obviates this difficulty. The construction of this accessory to the 
miscroscope may be described as follows: In the centre of one face of 
a strip of glass 3 inches Jong, 1, inches wide, and 3; of an inch thick, 
are ground two very shallow cavities, side by side, oval in form, and 
with their length in the direction of the length of the slide; a straight 


shallow groove extends between, and a little beyond, them at each 
end; through the centre of these cavities, and at right angles to 
their long diameter, but not so long as to reach their sides, a cavity 
is ground as deep as the thickness of the glass will permit. 

The cavities and groove thus described, occupy a circular surface of 
the slide about ? of an inch in diameter, which is covered, when in 
use, with a circular piece of microscopic glass 1 inch in diameter. 

The philosophy of its action may be thus described: Into the deep 
cavity, as a reservoir, is put the material in which are the organisms 
to be examined ; the cover is then put on, and the fluid on the sur- 
face of the plate wiped away. The pressure of the atmosphere holds 
the thin cover firmly to the plate, and the fluid between the cover 
and the plate commences to evaporate at the edges, its place being 
supplied by more fluid from the reservoir. As the evaporation pro- 


i Presented at the meeting of the Franklin Institute, October 17th, 1877. 
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ceeds, the cover is bent downwards by the atmospheric pressure, and 
meets a resistance at the junction of the groove with the edge of 
the shallow cavities, resulting in the edges of the cover rising at each 
end of the long groove, and a small bubble of air finds its way through 
the groove to the reservoir. This automatic action thus furnishes a 
continual supply of fresh air, and the life of the little animals is sus- 
tained during the time necessary to observe the changes that take 
place in them during their life history. When the smaller forms are 
inclosed in one of these life slides, to get access to the air they seek 
the edges of the cover, and range themselves in a zone, at a short 
distance from its rim, close to where the air comes in contact with 
the water. Being’ thus situated, in accordance with the law that 
compels them to take up these positions, they can be viewed with the 
highest powers of the microscope, and their true nature and habits 
much better studied than by the old methods. 

In 1872, this slide was first described in this JouRNAL; and is now 
presented in a much improved form. D. 8. H. 


= 
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LECTURES AT THE FRANKLIN INSTITUTE. 


The lectures for the season of 1877-8, are divided into two classes. 
Those in the illustrated series, to be given on Tuesday evenings, are 
as follows : 

Seven lectures by Prof. E. J. Houston, on the Resemblances and 
Contrasts of Sound and Light, beginning Nov. 6th, 1877. 

Six lectures by Prof. Elihu Thomson, on the Correlation of 
Forces, beginning Jan. 8th, 1878. 

Three lectures by Prof. Pliny E. Chase, on the Manufacture of 
Bricks, Paper and Ink, beginning Feb. 21st, 1878. 


Those in the Elementary Series, to be given on Thursday evenings, 
will be : 

Eight lectures by Prof. E. H. Bartley, on Chemistry, beginning 
Nov. 8th, 1877. And 

Eight lectures by Prof. E. J. Houston, on Elementary Physics, 
beginning Jan. 10th, 1878. 


Prof. E. J. Houston has again kindly volunteered a Christmas 
lecture for “‘ Young Folks,” which will be given Dec. 28th. 
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PROGRESS OF OCEAN STEAM NAVIGATION. 


The first steamer built to cross the Atlantic, carrying passengers 
and freight, was the Great Western, a wooden paddle-wheel steamer, 
built by Patterson, of Bristol, England, in 1837, and of the follow- 
ing dimensions : 

Feet. 
Bean, . 85 4 
Depth, 23 «2 
1340 (builder’ 8 measurement). 


Engines by Maudslay, Sons & Field, of London. 


Horse Power (nominal), ‘ 420. 
Type of Engine, . ‘ Side Lever. 
Stroke, . o> 
28 Common Floats, ‘ ‘ 1 ft. 10 in. wide. 
No. of Revolutions per minute, . from 10 to 18. 
Steam Pressure per square inch, . .  . 5 Ibs. 
Average time between N. Y. and Liverpool, 15 days. 


The steamers of the White Star Line, running between New York 
and Liverpool, have made the best time ; and of the whole line, the 
Britannic is the fastest vessel. She is of iron, and was built by Harlan 
& Wolf, of Belfast, Ireland, and her engines by Maudslay, Sons & 
Field, of London. Her dimensions are as follows: 

Feet. Inches. 
Length between 
Tonnage, 5004 (gross registered). 


Compound Engines, having 


2 Cylinders of 48 inches diameter, and 
9 gg « 

Stroke, 

Horse Power (indicated), . 

Diameter of 

Pitch, . 

Surface in square feet, . 


¥ 
| 
4900. 
98 ft. 6 in. 
31 “ « 
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Average of 11 vo revolutions per minute, 52,3,. 
“ Speed perhour,. . . 15:045 knots. 
Coal per 24 hours, . 101-932 tons. 
‘Mean Draught of Water, . . 23 ft. 7 in. 
“time bet. N.Y. and Queenstown, 7 days, 21,5;. 
To which add 18 hrs. to Liverpool, making 8 “ 15,5). 

The changes that have taken place in 40 years, may be stated as 
follows: Iron substituted for wood, propeller substituted for paddle- 
wheel. Proportion of length to beam increased from 6 to 1 in the 
Great Western, to 10 to 1 in the Britannic. Speed increased from 
8 to 15 knots per hour; time of passage decreased from 15 to 9 
days.— Engineering, September 14th, 1877. 


The Jablochkoff Light.—M. Guyot reports some recent suc- 
cessful experiments on the divisibility of the electric light. All 
parts of the workshops, where the experiments were tried, were 
brilliantly lighted by six chandeliers, producing altogether a light 
equivalent to 500 Carcel burners, softened by opaline globes. M. 


Denayrouze, after explaining all the advantages of employing the 
electric candles, distributed over seven chandeliers the light produced 
by the currents of two Alliance machines. Although the brilliancy 
was intense, it did not fatigue the eyes, on account of its perfect 
regulation. Messrs. Denayrouze and Jablochkoff think the Alliance 
machines the best for their system, on account both of their regularity 
and their constancy. The motive force of an Alliance machine, with 
six discs, is less than three horse-power, and a small machine, with 
two discs, is sufficient for three chandeliers. Jablochkoff's electric 
candles burn for two or three hours without interruption, and each 
chandelier holds a number of candles. The lighting is automatic; a 
small bit of graphite is placed across the extremity of the two car- 
bons, against which it is held by a piece of asbestos paper; the 
current traverses this conductor, volatilizes it, and instantly kindles 
the flame. By a similar arrangement, as soon as one candle is used, 
the next is lighted, without any interruption.—Les Mondes. CC. 


Railroad Ties.—At a late meeting, in Constance, of the directors 
of German railroads, the following information was furnished by the 
officers of the railway from Hanover and Cologne to Minden. The 
proportion of pine ties, injected with zinc, renewed after 21 years, 
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was 21 per cent.; beech ties, injected with creasote, renewed after 22 
years, 46 per cent.; oak ties, not injected, after 17 years, 49 per 
cent.; oak ties, injected with chloride of zinc, after 17 years, 20°T 
per cent. The ties which were not renewed, appeared perfectly 
sound. Since 1870, the Emperor-Ferdinand-Northern Railway’ has 
used only oak ties, injected with either creasote or with chloride of 
zinc.—Ann des Ponts et Chaussées. Cc. 


Zoicity.—M. Ziegler reports the following experiments in support 
of his theory of zoicity, or the necessity of animal contact to irritate 
the cilia of flesh-eating plants. Prepare with white wax, three 
kinds of granules; in the first, put pure urea; in the second, fine 
iron filings; and in the third, both urea and iron. Wash the 
granules in distilled water, dry them thoroughly in the air, and hold 
them for some minutes in the fingers, which should be clean and 
pretty dry. Then place the granules on separate Jeaves of healthy 
Drosera, and those which contain pure urea or pure iron will produce 
no ciliary contraction, while those which enclose the mixture cause a 
powerful contraction; but even the mixture, if it has had no previous 
animal contact, is wholly inactive-—Comptes Rendus. Cc. 


Condensed Sulphide of Carbon.—By adding to 70 parts of 
sulphide of carbon, 20 parts of linseed oil and 10 parts of chloride of 
sodium, M. Mercier has succeeded in forming a solid compound. It 
is thought that the product may prove valuable as a remedy for the 
phylloxera. If placed near vines, it would probably gradually de- 
compose, disengaging enough poisonous vapor to kill the insect.— 
Acad. des Sciences ; Les Mondes. C. 

New Laboratory Burner.—M. Godefroy uses four metallic 
cylinders, one within another; the first and the third are pierced 
with holes at their base. The spaces between the cylinders com- 
municate, one set with two vertical pipes, uniting in a horizontal 
pipe below, the other set with another similar system. A piece of 
metallic net at the lower part, regulates the entrance of air.—Wature. 

C. 


Weather “ Probabilities” of the N. Y. Herald.—The pre- 
dictions of storms, telegraphed from the Herald to Europe, are said 
to be fulfilled about six times out of seven. M. Le Verrier has ex- 
pressed great satisfaction with their accuracy, and promised his co- 
operation in the work.—Les Mondes. C. 
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Inspection.—The report of M. Engel-Dollfus, in the 
name of the Association for preventing accidents from machinery, 
institutes some comparisons between the methods of inspection in 
Berliny. Pomerania, Saxony, Coblentz, Cologne, and Treves, Switz- 
erland,-‘and England. A bill prepared for the consideration of the 
Swiss Federal Assembly, contains the following article : 

“« Every person who wishes to establish or carry on a factory, or to 
alter a factory already existing, must first obtain permission from the 
cantonal authorities. He must furnish exact statements as to the kind 
of industry which he proposes to follow; the plan, constitution and 
interior arrangement of his establishment ; the number of workmen to 
be employed ; and the nature of the materials which are to be manip- 
ulated; in order that the authorities may satisfy themselves that the 
requirements of the law have been all observed. 

“‘ No factory can be opened or set in operation without the formal 
consent of the government. 

‘* When the nature of the establishment will involve special dangers 
for the healths and lives of the workmen, or of the neighboring pop- 
ulation, the authorities will grant a concession only under certain 
reservations. 

“Tf, during the running of a factory, grave inconveniences are 
noticed, which evidently compromise the lives and healths of the work- 
men, the authorities should, without prejudice to the concession which 
has been granted, require the proprietor to take such measures as are 
necessary to remedy the evil, and fix, with due regard to all the 
circumstances, the time at which the necessary ameliorations must be 
introduced. 

“If any controversy arises between the cantonal government and 
factory-proprietors, concerning the execution of this article, the 
federal Council shall decide upon the appeal which shall be submitted 
to it. 

“« The federal Council is further authorized to issue general direc- 
tions upon any of the points which are embraced in the present article.” 

The proprietors are represented as codperating cordially with the 
Association, almost without exception, but the workmen are often 
reckless, and so set in old ways as to be slow to adopt any proposed 
improvements. Some idea of the character of the inspection may be 
found from the following summaries of the defects noticed in the 
year 1875. 
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The inspector for Pomerania reports examinations of a hundred 
‘manufactories, and changes in 137 cases, viz: 4 defensive guards to 
a piston rod, 5 balustrades about fly-wheels, 9 removals of work- 
‘benches from dangerous proximity to the engine, 7 balustrades added 
to staireases, 1 repair of a dilapidated stairway, 1 stairway condemned 
on account of proximity to machinery, 1 elevator wholly condemned, 
11 elevators furnished with additional safeguards, 13 elevators con- 
demned until they were supplied with automatic stops, 1 removal of 
a worn elevator chain, 8 guards at belt-opening through the floor, 1 
guard for a crank near a passage-way, 2 dilapidated floors, 2 openings 
not guarded by balustrades, 12 defensive guards for wood-working ma- 

_chinery, 12 coverings for floor-shafting, 1 repair of an enlarged belt- 
opening, 6 special protections against danger from machines working 
under great pressure, 2 safeguards against danger in case of break 
in a wire cable, 2 reforms and removals of elevators, 2 violations of law 
in locating the purifying tanks of gas-works, 2 dangerous exposures 
to fire in gas-works, 1 defective gasometer, 2 violations of the provi- 
sions for the site of match-factories, 1 want of sufficient care to remove 
chlorine vapors, 7 workshops too crowded with workmen, 21 cases of 
defective ventilation. 

The inspector for Saxony reports admonitions, as follows: 

71 for faulty separation of steam-engine and fly-wheel, 70 for want 
of protection against danger from belts and cranks, 29 for want of 
protection against shafting and gearing, 16 for defective enclosure of 
elevators and hatchways, and 26 for want of balustrades to galleries 


or reservoirs, insufficient lighting, or non-enclosure of dangerous ma- 
chinery.—Bull. de la Soc. Ind. de Mulhouse, June, 1877. C. 


Chemical Physics.—The French Academy has been lately en- 
gaged in earnest digeussion of some of the fundamental points of 
Chemical Physics. At the meeting of June 4, communications were 
presented on vapor-densities, by Sainte-Claire Deville; on the law of 
Avogadro, by Ad. Wurtz; on the atomic notation, in reply to M. 
Berthelot, by Ad. Wurtz; on atoms and equivalents, in reply to M. 
Wartz, by M. Berthelot; on the law of Dulong and Petit, by M. 
Fizeau; anda reply to Fizeau, by Berthelot. Deville, in considering 
the cases where the vapor-densities vary with the temperature, states 
that ‘the movement of a material point, taken in the expanding 
material, may be accurately enough represented by a parabolic func- 
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tion of the second degree already employed by M. Fizeau.”' He 
hopes to employ the resulting relations usefully in expounding some 
prineiples of Thermo-Chemistry. He admits that simple bodies may 
represent 1 or 2 volumes of vapor, and binary compounds may represent 
2 or 4 volumes, but he questions the existence in a state of vapor of 
any substances which represent 8 volumes. Wurtz reports some 
experiments corroborating his opinion that chloral hydrate is dis- 
sociated at the moment of vaporization, defends his hypothesis, of a 
chemical union between the atoms of simple bodies, from Berthelot’s 
charge of “ mysticism,’ charges Berthelot with wishing to abolish the 
law of Dulong and Petit, alleges that the notation by equivalents 
“swarms with inconsistencies,” and justifies his use of hypotheses for 
the interpretation of facts. Berthelot claims “that it is better to set 
forth the laws of chemistry under the form of determinate relations 
between quantities observable by experiment, such as gaseous densities 
and equivalents, instead of establishing such relations between repre- 
sentative chimeras, such as molecules and atoms ;” he admits the law 
of Dulong and Petit as applicable to all simple gases, so long as they 
follow Mariotte’s law and have the same coefficient of dilatation, 


“but the relations which exist between the specific heats of the solid 
elements are much more obscure, for in the solid state the heat not 
only produces molecular work which is the same for all bodies taken 
under the same volume, as in the gaseous state, but there is also 
special work, varying in different bodies, especially when elements are 


compared which have unlike physical properties ;’’ and on all essen- 
tial points he considers that the difference between himself and M. 
Wurtz is merely a difference in modes of expression. Fizeau, while 
disclaiming all right to judge upon chemical points, defends the 
physical accuracy and importance of the law of Dulong and Petit. 
Berthelot replies, admitting the rigor of the law and its dependence 
on the mechanical theory of heat, in all cases where the molecular 
states are strictly comparable, but claiming that in the passage to a 
solid state, new and unknown conditions are introduced which vitiate 
the law, or make it only approximately true.— Comptes Rendus. C. 


Blue Ink.—Take Berlin blue, 6 parts; Oxalic acid, 1 part. Mix 
thoroughly into a soft paste, with water. Dissolve in rain-water, and 
add a little gum arabic.—Fortsch. d. Zeit. C. 


1 See also Proc. Amer. Phil. Soc., xvi, 507. 
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EARLY INSTRUCTION IN PHONOGRAPHY:' 


By Rosert Patrerson. 

Those well qualified to judge are convinced that instruction in 
phonography should be begun at a much earlier age than is cus- 
tomary, and that the best results of the study will not be attained 
until it is made a subject of primary education. Some of the argu- 
ments for this view will now be set forth: 

1. It is with phonographic as with ordinary writing—the principles 
are easy of comprehension, and the difficulties mainly those of 
practice. The hand has to be familiarized with the accurate forma- 
tion of letters and word outlines, and that instinct acquired, which 
only practice can give, whereby the manual act follows on the 
mental conception. These ends, as to common writing, are best 
attained by instruction in childhood. The hand is then flexible and 
easily trained to habits and instinctive movements, and the slight 
daily drill of early years, with proper supervision, suffices for the 
satisfactory acquirement of ordinary writing. It would be the same 
with phonography, in the same circumstances. Daily practice, under 
the guidance of a good teacher, as a part of early school instruction, 
would qualify children to write phonography accurately and rapidly, 
and at least as soon as they would learn common writing, and with- 
out obstructing other needful studies. 

2. If the study of phonography is postponed until a later age, it 
must be undertaken when the time is engrossed by many other 
branches of necessary knowledge. We contend that this is no suffi- 
cient reason for its neglect, and that under all circumstances 
phonography should be learned; but experience proves that it is 
pushed aside in the competition with other studies. [t would be far 
better, therefore, that it should be taught at an earlier time, simul- 
taneously with, and auxiliary to, ordinary writing. 

8. Phonography, as a legible and extremely rapid method of 
writing, is of great utility as an aid in the pursuit of other studies. 
It is, therefore, very desirable that it should be mastered at an early 
age, 80 as to be made use of in the later education. Instead of then 
being made to interfere with the acquisition of other branches of 


i Translation of article printed in audatype, on page 300. 
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knowledge, it becomes a highly valuable assistance in their attain- 
ment. 

4, Accurate pronunciation should be early taught, or otherwise it 
is not apt to be ever acquired. Of the means of teaching pronunci- 
ation, none is so thorough as phonography. Being based on an 
accurate analysis of the sounds of our language, and representing 
sounds only, each word as written represents its pronunciation, 
whether good or ill. If the pupil has a false pronunciation, it will 
be detected in his writing, and the true can be enforced by the teacher. 
So that instruction in phonography becomes at the same time in- 
struction in pronunciation, and for this reason should be early taught. 

5. The phonographic writing signs being strict geometrical forms— 
straight lines and curves—and demanding accuracy of formation to 
ensure legibility, practice in phonography is an aid to the acquisition 
of ordinary writing, and, it may be added, of elementary drawing. 
It gives that steadiness, and yet freedom, of movement in the hand 
indispensable in those arts. It is of common observation that a 
graceful writer of phonography is likely to be a graceful writer of 
longhand. While phonography thus aids in forming, it also aids in 
preserving, our ordinary writing from deterioration. The necessity 
of writing rapidly, to which our common longhand is quite unequal, 
ends in many cases in making it ungraceful and illegible. If the 
young were taught phonography, that could be used for all occasions 
where swift writing was needed, and the longhand need | no longer be 
put to a strain so destructive of its character. 

6. Finally, it is only through early instruction that the possibilities 
of phonography, as a means of swift writing, can be developed. We 
do not anticipate perfection in any other art demanding technical 
skill, say in common longhand, or on a musical instrument, unless 
practice is begun in childhood. So as it respects phonography, if 
taught as an elementary branch, and in early youth, we may be cer- 
tain that a rapidity would be attained, both in reading and writing it, 
of which at present we have no examples. 


Hardening Zinc.—Stummer’s Fngineer recommends the addition 
of from ten to twelve per cent. of chloride of ammonium to melted zinc, 
in order to give it a considerable increase of hardness.—Zeit. des 
Arch.- u. Ing.- Verein, xxiii, 3. Cc. 
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Book Notices. 


Frazer's TABLES FOR THE DETERMINATION OF MINERALS.—Revised 
Edition. J. B. Lippincott & Co. 1878, 


The design of this work is excellent, and it will be useful to the 
beginner in mineralogical studies, and as an aid to teachers, but we 
expected in this revised edition corrections and improvements which 
we do not find. Thus “‘ white” seems to be used throughout, except 
in one place, for both white and colorless; the streak given, is 
often that of impure varieties, and therefore often the streak of the 
impurity, and depending on the amount of the latter; thus the streak 
of ferruginous quartz is given as flesh red to blood red—of chrysocolla, 
‘“‘brownish-red; when pure, white.’ In the column of remarks, we 
think there should be given, as far as possible, the characteristics of 
the particular species, and not merely the blowpipe reactions of the 

‘elements given in the preceding columns, with which the student is 
presumed to be familiar before beginning determinative mineralogy ; 
articularly there should be given, as is so well done in Prof. E. 8. 
ana’s text-book of Mineralogy, the differences between the species in 
question, and those which it most resembles. Thus by the tables it 


would not be easy to distinguish minerals so commonly occurring as 
Calcite, Dolomite, and Magnesite in their varieties. Should another 
edition be called for, we trust these deficiencies may be supplied, and 
the book made far more valuable than at present. 


Water Suppty Enernezrine. By J. T. Fanning, C. E. 32 full 
e and 148 other illustrations. 8vo, pp. 610. New York, 
1877. D. Van Nostrand. Price, $6.00. 


The want of such a treatise as this has so long been felt, that 
one is led to wonder that in this ge of bookmaking some one has 
not taken it up sooner; but the delay may perhaps be, in some 
measure, compensated for by the able manner in which the author 
has accomplished his work. 

The objects of the author in — this treatise, and which 
he has so successfully attained, as stated in his preface, are “to 
supply Water Commissioners with a — review of the best 
methods practiced in supplying towns and cities with water,” * * * ; 
‘to present to junior and assistant hydraulic engineers, a condensed 
summary of those elementary theoretical principles and the involved 
formule adapted to modern practice,” * * * ; “ to construct and 
gather, for the convenience of the older busy practitioners, numerous 
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tables and statistics that will facilitate their calculations,” * * * ; 
“and also to present to civil engineers generally, a concise reference 
manual, relating to the hydrology, keirenaiiias and practical con- 
struction of the water supply branch of their profession.” 

The work is divided into three sectiéns: 1st, The collection and 
storage of water; 2d, The flow of water through sluices, pipes and 
channels ; 3d, The practical construction of water-works. 

In the first section, the author discusses in successive chapters 
the advantages of an ample water supply, both in its sanitary and 
financial aspects; the quantity required per head, with tables of the 
guantity ge to a large number of cities in this country and in 

urope. He gives much valuable information regarding the avail- 
able supply to be obtained in any locality, under the heads of Rain- 
fall, Flow of Streams, Storage and Evaporation of Water, Supplyi 
— of Water-Sheds, and the Supplies from Springs and Wells. 

hapters VIII and IX deal with the impurities usually found in 
water, and with the — of water supplied from walls springs, 
lakes and rivers, with several tables of water analyses, and some 
special suggestions relating to the selection of potable water. 

The principal portion of the second section of the book is occupied, 
as before stated, in the consideration of the Flow of Water under all 
the various and varying conditions likely to be met in practice; and 
the author, in addition to the formulz adopted by himself, has placed, 
side by side, those of a large number of the best authors and experi- 
menters, and has constructed many tables which must be of great 
value to the practical engineer. 

The third section is devoted entirely to practical engineering con- 
struction, and deals very fully with > doa points upon which Tpend 
the safety and permanence of earth-works. 

The chapters on Reservoir Embankments and Chambers, Partition 
and Retaining Walls, are particularly valuable. 

The chapters on Mains and Distribution Pipes, and Distribution 
Systems and Appendages, derive their value mainly from the excel- 
lent arrangement of the matter and its many tables. 

Chapter XXIII treats on the clarification of water, principally, 
from the engineering point of view, and gives a number of illustra- 
tions of filter beds, settling basins, etc. 

Chapter XXIV is devoted to pumping water, but as this belongs 
more particularly to the mechanical engineer, and would require a 
large volume of itself for its proper consideration, only the general 
principles, and a few good examples, of pumping machinery could be 
given in the twenty-eight pages allotted to this subject. 

The book is only moderately well indexed, but the mechanical 
execution of the book is good, and does credit to the publisher. 
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NOTE' ON THE CORROSION OF STEAM BOILERS BY THE 
SULPHURIC ACID IN THE SOOT DEPOSITED FROM 
THE SMOKE UPON THEIR SURFACES. 


Translated from the Annales des Mines, of 1876, for the JournNAL or THE FRANKLIN 
INSTITUTE, 


By Chief Engineer Isherwoop, U. 8. Navy. 


The Central Commission on Steam Engines had its notice called 
at the commencement of the year 1875, to the explosions of two 
steam boilers, one at the pits of Glenons, in the La Machine coal 
mine (department of the Niévre); the other at the iron works of 
Ougrée, in Belgium ; both of which are attributed to the deterioration 
of the metal by the sulphuric acid in the deposits left by the smoke 
on the iron plates of certain parts of the boilers. 

Other facts of the same nature having since come to the knowledge 
of the Commission, it has thought that by making all the observa- 
tions it has collected, the subject of a note, to be inserted in the 
Annales des Mines et des Ponts et Chaussées, they would be given 
the widest publicity, and attract the attention of engineers and manu- 
facturers to the conversion under special circumstances of the sul- 
phurous acid in the smoke from the furnaces of steam boilers into 
sulphuric acid; and thus direct inquiry to a question that has been 
but little studied. With this view the two accidents investigated by 
the Commission will be first described, and then the other observa- 
tions made on the same subject will be reported. 


I. Explosion of the boiler at the pits of Glenons.—The explosion at 
the pits of Glenons occurred under the following circumstances on 
the 13th of November, 1872: The boiler was cylindrical, with the 


fire-grate placed immediately beneath it. Below the boiler, and 


separated from it by a brick vault, was a feed-water heater, whose 
top nearly touched the vault. This heater was burst wide open at its 
front nozzle or connection, the rent extending along a horizontal 
seam, and perpendicularly to the two ends. The original thickness 


' This Note, and the succeeding one, are the nearly integral reproduction of two 
Reports presented to the Central Commission on Steam Engines, by Mr. Hanet-Cléry, 
Engineer-in-Chief of Mines, during the session of February 2d, 1876. 


Wuote No. Vou. CIV.—(Tarr> Serisa, Vol. lxxiv.) 22 
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of the metal, which, in the place that first yielded, had been 0°47245 
inch, was found reduced to only 0-06698 inch, a thickness quite in- 
sufficient to resist a pressure of 85 pounds per square inch, under 
which the boiler was operated. The thinning of the metal was wholly 
on the outside, and extended, but in a much less degree, over all the 
upper portion of the heater. This deterioration, which was relatively 
rapid, as the boiler dated from 1867 only, was attributed by Mr. 
Douville, Mining Engineer, to the action of the oxygen and sulphur- 
ous acid in the gases of combustion in presence of the water leaked 
down from the boiler above, which, after percolating through the 
brick vault, dripped upon the comparatively cold heater,' wetting its 
upper portion and collecting principally along the horizontal seam 
joining its top and bottom plates, that prevented the water from run- 
ning off. The smoke deposits on the top of the heater (which the 
position of the masonry hindered from being cleaned) were thus 
enabled to imbibe water, and the conditions became most favorable 
for the oxidation of the metal by the sulphurous acid. Mr. Douville 
took large scales of the oxide of iron from the corroded parts, and 
he therein found sulphur, but was not able to determine its state of 
combination. 


II. In proof of this view of the case, the accident which happened 
at the iron works of Ougree, on the 30th of October, 1873, is most 
conclusive ; in fact, the sulphuric acid was found in the smoke de- 
posits, either in the free state, or combined in the sulphate of iron. 
The following are the circumstances of the explosion, as clearly set 
forth by the superintendent of that establishment. 

The boiler was constructed in 1863, and consisted of three hori- 
zontal cylinders, two of which lay beneath the third, and were joined 
to it by connecting pipes. The two were of equal diameter, and the 
third was of larger diameter. All three were set with brick flues, 
and heated by the waste gases from three puddling furnaces. The flues 
were so arranged that the gases proceeding on entering in one direc- 
tion, first enveloped simultaneously the entire circumference of one 
of the small cylinders, and one-half of the lower semi-circumference 


i That part being at the extreme end where the smoke leaves the heater to enter the 
chimney, and where the cold feed-water enters the heater, Mr. Douville remarks that 
the aqueous vapor in the smoke could be condensed there and that the resulting water 
could add its action to the action of the water of infiltration in producing the oxida- 
tion by the sulphuric acid. 
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of the large cylinder ; then returning in the opposite direction they en- 
veloped simultaneously the entire circumference of the remaining 
small cylinder, and the remaining half of the lower semi-circum- 
ference of the large cylinder. There were thus two equal symmet- 
rical and parallel flues, each containing at the centre, one of the small 
cylinders suspended by its two connecting pipes or nozzles from the 
large cylinder above; the interior of the three cylinders being in 
common by means of these nozzles, The top of each flue was formed 
by half of the lower semi-circumference of the large cylinder, the 
remaining two sides and the bottom being formed of masonry. The 
two small cylinders were wholly filled with water, and the, large 
cylinder was half filled, its upper half containing steam only. 

The small cylinder in the second flue, and at the end where the 
hot gases escape into the chimney, burst under conditions having the 
greatest resemblance to those just described in the case of the 
exploded feed-water heater at the pits of Glenons. The fracture 
commenced at, and closely followed, a horizontal seam; thence it con- 
tinued vertically in two places, one in the solid plate and the other 
along the riveting of a joint. The thickness of the metal on the 
edges first torn was reduced to near 0°03937 of an inch. All the 
upper part of the small cylinder was corroded, the thinning diminish- 
ing progressively from the top." The deterioration was entirely on 
the outside. 

Two specimens of the deposits left by the smoke on the injured 
iron have been analyzed; they gave between 52 and 53 per centum 
of sulphate of iron. One gave 1°42 per centum of free sulphuric 
acid, the other gave 12 per centum nearly. The deposits formed 
on the rest of the boiler also contained sulphuric acid, but in notably 
less quantity, and no sensible deterioration of the metal had resulted 
from it. 

The action is explained in the following manner: During the 
working of the furnaces the deposits are thrown down in the pulver- 
ulent state, and quite dry; but on the extinction of the fires the 
external air charged with humidity, fills the flues, and by lengthened 
contact makes the soot pasty with moisture. The conditions are now 
most favorable for attacking the iron, and its oxidation by the sul- 
phuric acid commences. The corrosive action then continues, during 
the whole time the boiler is out of use, on those parts which are not 
cleaned; while, on the contrary, it is not sensible on the parts from 
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which the deposits are frequently removed. Now the thin and torn 
part of the exploded small cylinder was exactly in the first of these 
cases: it was backed against the vertical wall of masonry, separating 
the two flues, a place very difficult of access, and parnacer d 
examination and cleaning were neglected. 


III. Some examples of exterior corrosion in consequence of the 
condensation of the aqueous vapor in the smoke on the cold parts of 
boilers, have been pointed out by Mr. Meunier-Dollfus, director of 
the Alsatian Association on Steam Boilers. (See Bulletin de la 
Société Industrielle de Mulhouse, 1871.) We cite, particularly, the 
obserfations made on the boilers in the shops of Mr. Charles Kestner, 
at Thann. 

These boilers were two in number, and each was composed of four 
horizontal cylinders, one of which was of large diameter, and the 
remaining three were of small diameter and suspended below it by 
two connecting nozzles or pipes each. Between these boilers, and 
imbedded in the same masonry, were six feed-water heaters, arranged 
in pairs, each pair being on a different level, but in the same vertical 


plane. The gases of combustion circulated around the entire circum- 


ferences of the three small cylinders, then in one direction, beneath 
a portion of the circumference of the large cylinder, returning in the 
opposite direction beneath another portion, from which they con- 
tinued to the feed-water heaters, passing over each pair successively, 
from high to low. The feed-water, during its passage through the 
heaters, moved in the reverse direction. 

A single boiler was most often in use; it was worked night and 
day, but with a less rate of combustion during the night. 

In an experiment the feed-water was found to enter the lowest pair 
of heaters with a temperature of 68° Fahr., and to leave them with 
a temperature not exceeding 86° Fahr.; it left the highest or last 
pair of heaters with the temperature of 122° Fahr. On the other 
side the temperature of the smoke, when leaving the lowest or last 
pair of heaters, did not exceed 302° Fahr. during the day, and 212° 
during the night. After two years’ use, under these conditions, the 
heaters were injured, and at the end of six years, although the metal 
was of excellent quality, its thickness was so much reduced that they 
had to be renewed. 
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The corrosion was principally on the cold or but little warmed por- 
tions of the heaters, and had, for first cause, the sulphurous acid 
dissolved in the water of condensation deposited from the smoke. It 
was ascertained that, in presence of the air and of this watery acid, 
there was first oxidation of the iron and then formation of the sul- 
phate of the oxide of iron. 


IV. Some observations on that cause of the destruction of boilers 
have been made in the Department of the North, by Mr. Cornut, 
engineer-in-chief of the Association of the Proprietors of Steam 
Boilers in the North of France, at Lille. He has frequently dis- 
covered exterior corrosions, which seemed to him attributable to the 
smoke, and he found them strictly limited to the portions of plate 
kept wetted from any cause—leaks, infiltration of water, etc. 


V. We will close with the following remarks: The transformation 
of sulphurous acid into sulphuric acid, by the action of water, or of 
the vapor of water and of air in presence of a base or of a metal, is 
not a new fact. For a long time advantage has been taken of this 
property of sulphurous acid, either for disinfecting the neighborhood 
of certain metallurgical establishments or for the treatment of par- 
ticular ores. In illustration of the last, we can cite notably the 
process of Mr. DeLamine, for the manufacture of the sulphate of 
alumina, at Ampuis (Belgium), and the treatment of some oxide of 
copper ore, on the banks of the Rhine. 

It would seem that these old applications ought long since to have 
drawn attention to the possibility of the corrosion of steam boilers 
by reactions of a similar kind; but nothing was done, and so far as 
concerns that special problem—if the general fact is now known— 
there still remain the details for investigation, some of which are not 
wanting in practical importance. 


CONCLUSIONS. 


The results of all the preceding observations can be summed up 
thus : 

When the smoke deposits on boiler surfaces distant from the fur- 
nace are rendered moist by any accidental cause, the sulphurous acid 
in the gases of combustion determines the attack upon the metal by 
the formation of the sulphate of the oxide of iron. 
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The attack can take place, while the boiler is in use, on such of 
its metallic surfaces as may be wetted by leakage from the boiler 
itself, or by water infiltrated through the masonry, or derived from 
the condensation of the aqueous vapor in the gases of combustion by 
contact with surfaces relatively cold. It can also be produced while 
the boiler is out of use, by means of the humidity of the air in the 
flues. 

These different origins of the corrosive action, point out the pre- 
cautions to be taken for preventing its destructive effects. They are 
only those which should be adopted for the preservation of any 
apparatus, viz., careful construction, thorough cleaning, and main- 
tenance in good repair. 


ANALYSIS OF THE REPORTS OF THE OPERATIONS OF 
THE BELGIC ASSOCIATION FOR THE SURVEILLANCE 
OF STEAM BOILERS, DURING THE YEARS 1873-1874. 


Translated from the Annales des Mines, of 1876, for the JouRNAL oF THE FRANKLIN 


By Chief Engineer Isuzrwoop, U. 8. Navy. 


As the reports made of the operations of the Belgic Association 
for the Surveillance of Steam Boilers contain a very complete 
investigation of the different causes of the deterioration of boilers, a 
detailed extract will be interesting, leaving to the Chief Engineer of 
the Association the responsibility for his observations and opinions. 

The association commenced on the 30th of December, 1872, and 
its operations extend over all Belgium. At the end of 1874, that is 
to say, in the second year of its existence, the number of boilers 
under the association rose to 1031; it was 827 at the end of the first 
year. 485 boilers were examined interiorly during 1873; 278 were 
in need of repairs, of which 64 required to be immediately taken in 
hand by reason of the danger they presented. In 1874 the number 
of boilers examined interiorly was 607. Many of these examinations 
revealed serious defects, for which 62 boilers were at once repaired. 
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The defects stated were separated, according to their nature, into 
several categories. These categories, and the number of boilers per 
category, were as follows: 


Number or Derective Borers. 
NATURE OF THE DEFECTS. 


18738. 1874. 


Interior corrosion, . 66. 148. 
Exterior corrosion, . ; Not indicated. 111. 
or Not indicated. 76. 
ivers causes: Too hot a fire, oh Number not suf- 
seale, etc., . : \ wot indicated. { ficiently indicated. 


The reports give some observations of detail regarding the nature 
of the defects, as well as concerning their origin or causes. We 
reproduce the most important : 


I. INTERIOR CORROSION. 


This kind of corrosion sometimes attacks large surfaces uniformly ; 
sometimes it appears by isolated cavities more or less abundant. The 
first seems to be the oftenest produced by the use of corrosive water 
or of scale-preventing remedies. Occasionally it is due to the bad 
planning of the boiler, as, for example, in those whose design permits 
the formation of pockets or steam spaces in the feed-water heaters. 
Of the second, which is stated to be very frequent, the report of 
1874 remarks as follows: 

“ There are often found small isolated cavities in the middle of an 
otherwise intact plate. These cavities are nearly circular, and have 
a depth and diameter increasing with their age. They are filled 
with a black powder composed, in great part, of the oxide of iron 
derived from the rusted metal, of sulphates and carbonates deposited 
from the water in vaporizing, and of a very small quantity of silex. 
Sometimes they are capped by a yellowish-colored dome,” 

In some boilers three or four years suffice to perforate a plate, and 
a dozen years are rarely required. 

Occasionally a boiler attacked in that manner presents cavities of 
all sizes—from those just commencing, up to the largest. Occa- 
sionally, too, the cavities are all of one or two sizes, as though they 
dated from one or two well marked epochs. 
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Up to the present time this species of corrosion, which we will call 
the vermicular, has been observed only exceptionally in plates on 
which the water is kept in ebullition or agitated. It is found fre- 
quently in boilers with feed-water heaters, and in this case the 
principal cylinders are completely spared, while the coldest of the 
heaters is the most attacked. 

The not heated portions of the boiler and feed-water heaters (for 
example, the portions resting on the masonry or projecting from the 
exterior of the furnace), offer strong corrosions of this nature. 

When these cavities, instead of being widely apart, are close 
together, they can form, by their union, a line of fracture. 

The engineers of the association have made several analyses, 
simultaneously, of the feed-water, of the scale produced by it, and 
of the residues which fill the cavities. Their researches, without 
reaching an absolute conclusion, have led them to the following pre- 
sumptions: 

Corrosion, under these circumstances, does not seem to proceed 
from any real acidity of the water, but is exclusively due, according 
to all appearances, to the action of chlorides or of alkaline salts con- 
tained in the water in very small quantities. In five analyses, the 
products of corrosion contained chloride of iron, which leads to the 
belief that, in this case at least, chlorides have been formed. It is 
not impossible that, in other cases, chloride of iron may have been 
produced, but it would disappear by dissolution in the water of the 
boiler.' 


Il. EXTERIOR CORROSION, 


The exterior corrosions are, according to the reports, one of the 
greatest causes of the destruction of boilers. Neglecting those 
which are produced by well-known causes, such as the contact of the 
metallic plates with the wet masonry of the boiler-setting, and leaks 
at rivets, seams and cracks, attention is particularly called to the 
observations relating to the action upon the plates by the products of 
combustion, an action which has been investigated with much care. 


i The oxidizing action of the chlorides of magnesium and of calcium contained in 
the feed-water of boilers, is a well-known fact. These chlorides are decomposed by 
the heat of the boilers, and attack either the metallic surfaces in contact with water, 
or those which are in contact with the steam. 
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After a boiler has been in use for some time, says the Report of 
1874, all the surfaces in contact with smoke are covered with a 
deposit of soot and ash, containing corrosive matter. This deposit 
has a different appearance, according to its distance from the furnace, 
and it varies also according to the kind of coal consumed and accord- 
ing to other conditions as yet but imperfectly understood. Its 
composition changes on being exposed, after the extinction of 
the fire, to atmospheric air containing aqueous vapor. Neglecting 
the surfaces exposed to the direct action of the fire, and confining 
our observation to those at a moderate distance from it, we find 
the deposit which covers them to consist of three distinct layers. 
Immediately upon, and strongly adherent to, the metal, is an ex- 
tremely thin layer of grayish matter, very acid and astringent. 
Above it is a very acid and astringent black layer. Finally, over 
both is a white or pinkish layer of matter of extreme tenuity ; it is 
soft to the touch, and, though nearly insipid immediately after the 
extinction of the fire, soon becomes acid and astringent. This last 
layer is not found on those surfaces where the temperature of the 
smoke is low. 

Twenty-five analyses were made on specimens taken from these 
different layers at different intervals of time from the moment of ex- 
tinguishing the fire; some of the specimens were taken from near 
leaks. All these analyses showed the presence of free sulphuric acid, 
or of ferruginous sulphates, or of oxide of iron, resulting from the 
decomposition of the sulphate of iron at a high temperature. 

If, in a mixture of water and of the lower layer of the deposit, 
an iron blade be plunged, it is vigorously attacked with disengage- 
ment of hydrogen and formation of sulphate of iron. Nothing can 
be more natural than the production of this salt, at the contact of 
the layer and of the metallic plates, when the boiler becomes damp. 
The entire thickness of the deposit becomes impregnated by imbi- 
bition with this sulphate and with free sulphuric acid. On those 
parts of the boiler surfaces, however, where the smoke has a sufficiently 
high temperature, and the soot is thick enough to receive the tem- 
perature of calcination, the upper layer burns, under the action of 
the oxidizing gases, and the salts of iron decompose and form the 
white and pinkish matter which covers the deposit in this case. 

Such, according to the engineer-in-chief of the association, is the 
explanation of the special appearances and varied composition of 
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the deposit found on the surfaces of the boiler which are beyond the 
direct action of the fire. 

As long as the boiler is in action, corrosion takes place only on 
the plates contiguous to leaks, or to damp masonry, or on the plates 
whose temperature is low enough to condense the aqueous vapor in 
the smoke; the others are not attacked. But when the fire is with- 
drawn and the boiler is no longer in use, then the acid formed, and 
the sulphates of iron and of alumina, attract the humidity of the 
atmosphere, and when they have attained a certain degree of dilu- 
tion, the plates commence and continue to rust until only the oxide 
of iron remains. When a boiler has been out of use over eight days, 
the corrosion will have become more or less strongly marked, accord- 
- ing to the amount of humidity in the air, and in the masonry of its 
setting. 

The influence of the nature of the coal consumed on the degree of 
corrosion has not yet been ascertained. 


III, CRACKS. 


Under the head of cracks we do not include those which occur at 
the edges of plates or in the bends of the flangings, but limit our- 
selves to those that have been observed to follow through the transverse 
rivet holes in the lower parts of boilers, some of which cracks have 
lengths of sixteen, twenty, and even fifty inches. When it is con- 
sidered that along these lengths the plates are only held by the friction 
due to the pressure of the rivet-heads—a pressure which is itself 
lessened by the slipping of at least one of the plates—we are led to 
ask why explosions do not immediately result from cracks of such 
size. The Report essays an explanation by remarking that in pro- 
portion as the lower plates are strongly heated, they are compressed 
by reason of the resistance opposed to their expansion by other 
colder plates. What seems to demonstrate this fact is that nearly 
all the cracks at the bottom of boilers close when hof and re-open 
when cold. The danger, however, re-appears as the*cooling com- 
mences, and it is credible that many of the explosions which have 
occurred as the fires were dying out, were due to this cause. 


IV. DIVERS CAUSES; TOO GREAT INTENSITY OF THE FIRE, SCALE, ETC. 


In a great number of boilers formed of connected cylinders (chau- 
diéres @ bouilleurs) which have been found liable to be burnt, the 
burning ordinarily occurred at one place, and this place always had a 
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constant juxtaposition to the front nozzle or short pipe connecting 
the boilers. This effect is considered due to the accumulation of 
sedimentary debris carried by the currents that flow regularly across 
the nozzles of communication, and deposited by the eddy in the parts 
relatively tranquil. 

The last subject treated by the Reports is boiler-scale, but only a 
single case is examined : that of the lime-soap deposits due to feeding 
the boilers with water of condensation from the engines.' The injur- 
ious action of these deposits is shown, and the fruitless attempts 
described that were made in Belgium to avoid them by the use of 
tubular apparatus, in which the greasy steam is kept from mixing 
with the water. Finally, the use of mineral oils for the lubrication 
of the cylinders is recommended as efficacious—a method adopted 
some time since by the British Admiralty for the steam cylinders 
of their vessels. 

After having thus reviewed the different defects revealed, during 
two years of examination, by the boilers under the surveillance of the 
Association, the Report of 1874 terminates with the following general 
observation : 

“ Because of the little value of the hydraulic test as the sole guar- 
antee of the strength of boilers, periodical examinations by experts 
are necessary of their interior as well as of their exterior.” 


Vitreous Phosphate of Lime.—The acid phosphate of lime, 
described by M, Sidot, is crystallized under the influence of heat. If 
exposed to a very high temperature, it becomes perfectly vitrified, 
abandoning part of its elements and descending probably to the con- 
dition of tri-basic phosphate of lime, 3CaO, PO, It has great re- 
fracting power, its index being 1°523; its density, 2°6. It can be 
worked like common glass, to form lenses, prisms and brilliants, with 
a strass-like lustre. It resists cold acids, but is attacked by boiling 
acids and by potash. This property may render it valuable in the 
art of engraving on glass.—Acad. des Sci.; Les Mondes. C. 


' The Central Commission in 1874 investigated the accidents attributed to this kind 
of incrustation. When these soaps are deposited, even in very thin pellicles, on the 
water-heating surfaces of boilers, they prevent the contact of the water and metal 
which thus becomes overheated, burnt and ruptured. 
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ON A NEW TYPE OF STEAM ENGINE, THEORETICALLY 
CAPABLE OF UTILIZING THE FULL MECHANICAL 
EQUIVALENT OF HEAT-ENERGY, AND ON 
SOME POINTS IN THEORY INDICATING 
ITS PRACTICABILITY. 


Presented at the Nashville meeting of the American Association for the Advancement 
of Science, 1877. 


By Prof. Ropert H. Tuurston, Vice-President. 


[Continued from Vol. lxxiv, p. 266.) 


XIV.—lIn order to show that heat may be converted into work to 
any extent, and without regard to the temperature of surrounding 
bodies, we will trace the process in two cases, viz. : 

1. Where the working fiuid is a permanent gas. 

2. Where a working substance subject to change of physical state 
is used; for example, steam. 

Suppose a working cylinder provided with a tight-fitting piston, the 
cylinder to be of indefinite length, and the working fluid to be on one 
side of the piston and a perfect vacuum on the other side. It is evi- 
dent that expansion may go on indefinitely in such a cylinder, and 
that the temperature of surrounding objects will have no influence on 
the extent of such expansion, or upon the completeness with which 
heat can be converted into work. The working fluid and its work 
are absolutely independent of everything external to the cylinder in 
which the transformation of heat into mechanical energy is going on. 
There is no natural limit to the process of conversion. The piston 
being free and offering no resistance to motion, we may suppose the 
expansion to continue until the working fluid, which we will here as- 
sume to be a permanent gas, has lost all expansive force, and until 
all its original heat-motion has been converted into mechanical energy 
and transmitted to objects external to our prime mover. 

The conclusion of the operation leaves the molecules of the gas 
diffused through a vast space, absolutely at rest,’ and without 
vibratory motion. Had not the heat originally contained in the mass 


i This may be too unqualified a statement. It is not certain that all heat-energy 
can be removed from a fluid by expansion. It is possible that an indefinite amount 
of energy of rotation may be retained after expansion shall have removed all energy 
of motions of translation of the molecules. 
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been expended in doing work, the magnitude of this space would 
evidently have been infinite, and the particles, when they had lost all 
vibratory motion, would have acquired a velocity of translation in 
lines parallel to the direction of motion of the piston, equal to the 
velocity due the height through which their original heat-energy 
would have been sufficient to have lifted them, and equal to the 
velocity of the particle in its orbit of heat-motion. As, however, 
this heat-motion has been converted into mechanical energy, the 
space through which the gas may diffuse itself is restricted. 

Now, the removal of a particle from one point in space to another, 
requires no expenditure of energy. The work done on the particle, 
in giving it its maximum velocity in transit, is restored by it while it 
is being again brought to rest. It may thus be possible, in our sup- 
posed case, to gather up all these particles and to collect them about 
their common centre of gravity, where they will occupy the volume of 
the gas in its solid state and at absolute zero. If this had been done 
without collision of particles, no energy will have been expended and 
no work will have been lost. The mass may now be transferred to 
the reservoir, at its original starting point, by the expenditure of an 
amount of energy bearing a less proportion to the energy which has 
been converted into work as the now indefinitely small volume bears 
to the volume of the gas when it first issued from that reservoir; the 
amount will be insignificant. The operation just traced may thus be 
repeated indefinitely. The efficiency of our engine is unity, and it is 
perfect in every sense. 

It needs no further reasoning to prove that the temperature of 
surrounding bodies has no influence upon the operations here indi- 
cated, and that it is a matter of no moment what may be the tem- 
perature of the place at which this work has been done. It is further 
evident that, if the upper limit of temperature in this example had 
been the temperature of the earth’s surface at that place, and if the 
working substance were air, the reservoir might have been the 
atmosphere, and the operation described would, if continued indefi- 
nitely, result in the conversion of all heat-energy into mechanical 
energy, and the cooling of the earth down to the absolute zero of 
temperature. Were it practicable to carry on this operation, and to 
apply the mechanical energy resulting from it to the acceleration of 
the earth’s motion in its orbit, its velocity would be increased some- 
thing like one mile per second (we assume the mean temperature of 
the earth at 1500° Cent., and its specific heat at 0-2). 
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XV.—Next, suppose the same operation to be repeated (and in the 
same manner), using as a working substance a fluid which loses the 
original physical condition while expanding, and, like steam, con- 
denses as it expands. In this case, the particles of the fluid, instead 
of being indefinitely dispersed, are capable of but a limited expan- 
sion. At each instant, a portion of the vapor assumes the liquid state, 
surrendering its latent heat of vaporization to the uncohdensed por- 
tion of the gas, to be transformed into work. Thus an accumulation 
of liquid takes place in the cylinder which becomes very considerable, 
even in engines operated within very usual ranges of temperature. 
Conceive this operation to continue until the limit is reached as 
before. There will now remain in the steam cylinder a mass of ice 
at the absolute zero of temperature and a minute quantity of matter 
at the same temperature, but with its particles widely separated, as 
in the preceding case. The great mass of the working substance has, 
in this case, been collected by the process of condensation during 
expansion, and thus nature has done here what, in the other case, 
must have been done artificially. It now remains to return to the 
reservoir the solid mass. This is done, as before, with no great 
expenditure of energy. The small quantity of dispersed particles 
may be gathered up and restored, as in the case of the permanent 
gas, or it may be rejected from the system as of no appreciable value, 
as may seem best. The process being completed, the system is in 
condition to permit the commencement of anew cycle. It is evident 
that the efficiency of this ideal engine is, like that of the ideal engine 
using a permanent gas, perfect. 


XVI.—The practical difficulties which stand in the way of the 
engineer who endeavors to realize the conditions described, are ap- 
parently insuperable. Yet this impossibility of realization is due, 
simply, to the existence of natural conditions which are comparable, 
in their influence, to the action of repellant central forces. We may 
conquer them in a certain degree by the exertion of any given amount 
of skill and intelligence ; but, as we advance, the difficulty becomes 
more and more nearly insurmountable by finite power, and the perfect 
realization of the conditions and of the efficiency first idealized is 
only attainable by the exercise of an apparently infinite intelligence 
and power. Perhaps a better and more encouraging view would be 
given by the statement that we may expect to approximate to the 


| 

| 

ig | 

| 

i 


Nov., 1877.) Thurston—Steam Engine. 319 


realisation of the efficiency of the ideal perfect engine more and more 
closely, as we advance in scientific knowledge and in constructive 
skill, without limit. It is therefore proper to inquire how far we are 
limited in this progress by conditions which are now common in the 
practice of steam engine construction. This we will presently do. 


XVII.—Thomson appends to his proposition (which has been 
called an axiom) the following note: 

‘But if this axiom be denied for all temperature, it would have to 
be admitted that a self-acting machine might be set to work and 
produce mechanical effect by cooling the sea or earth, with no limit 
but the total loss of heat from the earth and sea, or, in reality, from 
the whole material world.” 

Yet we have already seen that such an engine might, by some 
intelligence, mighty, but not necessarily infinite, be set at work to 
produce mechanical effect by cooling sea, earth and air. We can see 
that Omnipotence may thus transform all the heat-energy of the uni- 
verse into mechanical energy. The “ Creation’’ was either such a 
transformation of previously existing heat-energy, or an actual 
production of something from nothing. Either process would accord 
with all that is taught us by either science or revelation. 

Trace, again, the cycle of our ideal engine: a certain weight of work- 
ing substance is contained within a reservoir, whence it issues, driving a 
heat engine in which all its available energy is transformed into 
mechanical work. Restored to the reservoir, it there receives a new 
stock of heat from the surrounding bodies, which constitute a part of 
the material world, apd another cycle succeeds. This continues until 
all the heat of surrounding objects, and all they can withdraw from 
other bodies, is exhausted, and an equivalent amount of kinetic or of 
potential energy has been produced. The machine may go on and 
abstract all the heat from the universe. 

Again, suppose the engine to derive its heat from the combustion 
of fuel within its reservoir. It is now absolutely independent of all 
external bodies, so far as temperature is concerned, and knows nothing 
of so-called limits ; its only limits are the temperature attainable by 
the combustion of its fuel on the one hand, and the temperature at 
which heat-motion ceases on the other. It may be considered as 
enclosed within a chamber absolutely impervious to heat and may be 
placed in a part of the universe devoid of heat, or in a place where it 
will be surrounded by the heat of a glowing sun ; it will, if it does not 
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exhaust its stock of fuel, work on under all such variations of exter- 
nal conditions with unvarying efficiency. This complete separation 
from external temperatures is one of the most familiar problems of 
the engineer in his management of the ordinary steam engine, of the 
air or gas engine, or of any heat engine. 

The universe ( taking a glance at a wider cycle) is independent of 
our engine working on heat-energy derived from fuel, so far as re- 
gards its stock of heat-energy. The machine receives a certain 
amount of energy as heat and discharges it as mechanical energy. 
This mechanical energy is all, directly or indirectly, returned to its 
original form of heat-energy. The heat received from surrounding 
space and stored in our coal-beds, is, through the engine, revived, 
changed in form, then changed back into heat again, and finally 
thrown back into space. 

Thomson’s qualification of his ‘‘axiom”’ does not, evidently, con- 
firm the principle which he has enunciated Our self-acting machine 
might cool down “‘ the whole material world.” 


XVIII.—The practical difficulties which stand in the way of the 
engineer who attempts to effect the realization of either of the two 
classes of perfect engine which have been described, can now be easily 
anticipated, and we may even, to a certain extent, determine how we 
may best proceed to attack them. 

Type A is seen, at a glance, to be an utterly impracticable form 
of engine. Using a permanent gas as the working fluid, we could not 
possibly find space for the expansion of the gas to absolute zero. 
Could we find space, the mean pressure would be so low, and the 
magnitude of the engine so great, that the resistances due to friction 
would absorb more than all of the energy developed. But even sup- 
posing these two difficulties less absolutely insurmountable, we should 
still be unable, by any known process, to gather up the scattered 
particles of the fluid without producing collisions among them, which 
would generate heat and compel the expenditure of energy in the 
restoration of the condensed gas to the reservoir. In all known 
methods of condensation, as in the compression of air for use in mining 
and other machinery, the heat developed is equal in amount to that 
given out by the gas in expanding. We are thus practically brought 
to a limit, in the expansion of the permanent gases in heat engines, 
at which the useful transformation of heat into mechanical energy 
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must cease. This limit is that assigned by Thomson to the ideal 
engine. If, at some future time, a working fluid and a method of 
operation shall be found which will enable us to bring the temper- 
ature of the expanding substance to atmospheric pressure at less than 
atmospheric temperature, the limit will be moved farther toward the 
zero. All known or probable modifications of Type A will be likely to 
transfer the machine to either Type 2 or Type 3. 

The use of other working substances than the permanent gases does 
not seem likely to overcome entirely the difficulties pointed out as 
inherent in the use of those gases. It is, nevertheless, perfectly 
obvious that condensable fluids may prove better working substances 
than the permanent gases, in virtue of the property possessed by them 
of self-aggregation. Such fluids will evidently demand less space into 
which to expand; and the economy of space will rapidly become more 
marked as the absolute zero is approached. If, at some future time, 
a fluid shall be discovered which, possessing great volume at high 
temperatures, like steam, shall become wholly liquefied at ordinary 
temperatures, when expanding against a resistance, and on reaching 
a moderately low pressure, the efficiency of the engine will become 
more nearly perfect, probably, than in any practicable form of even 
theoretically perfect engine worked by a permanent gas. It is evident 
that the property which it possesses of condensing with expansion, 
while doing work, is an exceedingly important and valuable quality 
of the vapor of water, considered as a working substance for heat 
engines. 

No way has yet been devised, however, of making a steam engine 
of Type A. Assuming it to be possible to make such an engine, 
using steam of 75 pounds pressure by gauge, expansion is supposed 
to go on, in this case, until the fluid, by the conversion of all its heat 
into work, has become first liquefied and then solidified. We may 
easily estimate the efficiency of such an engine, working without loss 
by friction, or other causes. The work done per pound of steam 
admitted at 75 pounds pressure, and at a temperature of 320° F. 
(160° Cent.), would be 910,557 foot-pounds; the work expended in 
the removal of the ice against atmospheric pressure, would be some- 
thing less than 38} foot-pounds; the efficiency would be (910,557 — 
38-5) + 910,557 = 0:9999 = #. All heat originally existing in 
the fluid having been used in doing work, the rejected solidified 
matter would absorb heat from surrounding bodies, and thus a 


Wuote No. Vou. CIV.—(Tarrp Serta, Vol. lxxiv.) 23 
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certain portion of energy would be acquired by cooling down those 
objects. Assuming the engine perfect, structurally, and thus free 
from friction, the upper limit of temperature, as has already been 
indicated, need not exceed that of the surrounding bodies. In the 
actual engine, the duty would be diminished immensely by frictional 
and other losses. 

Complete utilization of all heat is not practicable with the heat 
engine of Type A under any known, or even conceivable, conditions 
in actual construction.’ 

XIX.—It remains to consider the possibility of securing maxi- 
mum efficiency in actual engines, by the adoption of Type B of Class 
1. In this form of engine, all heat rejected from the working 
cylinder is retained in the system and is restored to the reservoir, 
thus securing complete utilization of all heat which leaves the 
machine. Nothing escaping, except in the form of mechanical 
energy, there can be no waste, and the efficiency of the machine 
must be unity. The engine is a perfect machine for transforming 
heat into work. 

It has just been seen that a practical and probably insurmountable 
difficulty arises in the attempt to make an actual engine of Type A, 
even using a condensible fluid as the working substance, in the 
necessity of removing not only the ice deposited, but also of gather- 
ing up the widely-diffused molecules and restoring them to the reser- 
voir, without giving them vibratory motion, and thus expending upon 
them an amount of energy equal to that which they had given out 
during their expansion. 

If it were possible to find a working fluid of such character that 
the desired conditions may be partially realized, and at a compara- 
tively high temperature—that of surrounding bodies—and that the 
condensed portion of the substance may be returned to the reservoir, 
the vapor remaining being discharged into the atmosphere, such an 
engine would evidently be a simple modification of the well-known 


{ Nore.—The two kinds of fluid, working in engines of the Class A, are seen to give 
two characteristic products of the two known processes of abstraction of heat from 
fluids: 1. Forcibly compress the fluid, removing the heat of compression as rapidly 
as it is generated ; the product is, after all heat has been removed, a mass of maxi- 
mum density, probably solid in all cases, and at the absolute zero of temperature. 
2. Abstract the heat contained originally in the mass, by causing its expansion 
against a resistance ; the product is a diffused mass, without tension, of minimum 
possible density, and at the absolute zero of temperature. 
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high-pressure expanding non-condensing steam engine. In the 
latter the steam is largely condensed by expansion as a working 
fluid, and the water is often, and may be always, returned to the 
boiler. The uncondensed portion is discharged into the atmosphere. 
To convert this engine into a machine of Class B, it will be necessary 
to find a way of restoring all rejected heat to the boiler. 

Type B, in which all unutilized heat is restored to the reservoir, 
comprehends engines of two very different kinds. These are: 

1. Heat engines in which the rejected heat is transferred from the 
mass of working substance discharged from the working cylinder at 
the end of the stroke of the piston, to a mass of metal or other heat- 
absorbing material, and from the latter again transferred to another 
and a new charge of working fluid which is about entering the 
reservoir to take up a new stock of heat energy. 

2. Heat engines in which, as in the ideal engines already de- 
scribed, the rejected working fluid itself, with its contained unutilized 
heat, is all returned to the reservoir. 


XX.—Engines of the first of the two kinds into which Type B is 


here divided, and in which the working fluid is usually air, have fre- 
quently been designed. The mechanism by which the heat is stored 
and restored by transfer has been called the ‘“ Regenerator.” Engines 
having regenerators have always been supplied with air as a working 
fluid. The regenerator consists of a mass of metal, usually made up 
of a collection of conveniently disposed sheets or wires, into which or 
through which the rejected gas is discharged, and through which or 
from which the entering charge of the working fluid passes on its way 
to the cylinder. The mass is heated by the transfer to it of heat 
from the rejected charge, and this heat is returned to the entering 
charge to be more or less thoroughly utilized by expansion at the 
succeeding stroke. 

The regenerator never operates with more than approximate thor- 
oughness. The time allowed for the transfer of heat from the regen- 
erator is not just equal to that given for absorption by it. The 
complete transfer of all heat, and with equal rapidity in both direc- 
tions, demands an equal mean difference of temperature between the 
metal and the gas, urging the flow of heat in the two directions. 
This is not secured, and the regenerator either continually warms 
up by the accumulation of heat, or it acts very inefficiently. In 
the air engine of Stirling, in which this device was first used, about 
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1820, the amount of lost heat was still very considerable. The en- 
tering charge of air is itself heated before passing through the regen- 
erator, and is thus prevented from taking up additional heat readily 
and promptly. The rejected charge is sent through the regenerator 
with very great rapidity and is rapidly expanding as it passes. It is 
not given time enough to discharge its heat into the metal received, 
and it necessarily retains a considerable proportion as latent heat of 
expansion. Nevertheless, air engines fitted with regenerators have 
sometimes proved to be very efficient. The engines designed by 
Ericsson for the steamer of that name were found by Prof. Norton to 
have developed their full power (300 H. P.) with a consumption of but 
1:87 pounds of coal per hour and per horse-power. The transfer of 
heat from the fuel to the working fluid was here found to be, as is 
‘always the case with this class of engines, very ineffectively secured. 
The gases are too nearly perfect non-conductors to permit rapid ab- 
sorption or discharge of heat; and this fact is one principal cause of 
their inefficiency; it so greatly reduces the efficiency of their fur- 
naces that the net efficiency of the machine becomes very much less 
than it would be were the furnace as effective as are steam boiler 
furnaces. It is evident from what has been stated that the regen- 
erator, as applied to engines having permanent gases as their work- 
ing fluids, does not yield a satisfactory economy by storing and 
restoring rejected heat. 

The regenerator is entirely inapplicable to engines in which steam 
and other saturated vapors are employed. The rejected heat, in these 
engines, is principally conveyed from the working cylinder in the 
form of latent heat of vaporization, and can only be removed from the 
exhausted charge by the condensation of the steam. But this con- 
densation involves the degradation of the rejected heat to a tempera- 
ture at which it is no longer transferable to the entering charge of 
the working substance. The use of a regenerator is therefore out of 
the question in engines in which vapors of liquids similar to saturated 
steam are employed. 

It is, however, possible to secure a partial saving of heat rejected 
from one such engine, as the steam engine, by using, as an absorbent 
of that heat, a liquid having a boiling point at a temperature consid- 
erably below that of the liquid formed by the condensation of the 
first used vapor. The transfer of the heat rejected from the first 
engine to the liquid contained in a reservoir forming a part of the 
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secend engine, results in the condensation of the steam in which it was 
originally contained and the simultaneous vaporization of the second 
liquid. The latter is then used in the production of power by the 
utilization of a part of the heat thus preserved. Could a series of 
substances be found thus related to each other, this process could be 
continued indefinitely, or until the available energy ceases to be com. 
petent to overcome frictional and other resistances. The engine which 
formed the terminal of the series would waste all heat rejected from 
its cylinder. Such a combination as is here described has been made, 
two engines being used, and has been known as the “ Binary engine.”’ 
The first of the pair has been worked by steam, and the second by the 
vapor of ether, of chloroform, or of the bisulphide of carbon. The 
efficiency of the combination has considerably exceeded that of the 
steam engine; but it has not been sufficient to compensate the prac- 
tical difficulties met with in the construction, and especially in the 
operation, of such engines. 


Microscopic Mineralogy.—Father Renard has contributed to 
the Scientific Society of Brussels, a paper on the microscopic analysis 
of rocks and of mineral cavities. The latter portion of his subject 
is of special interest. Cavities are often found in crystals, contain- 
ing liquid, with a movable bubble. By warming the crystals care- 
fully, the bubble is found to disappear at a temperature of about 
800° C. (572° F.), which is, therefore, regarded as the probable tem- 
perature at which the liquid was enclosed, and the rock solidified. 
Petroleum, sea-salt, and liquid carbonic acid, as well as water, have 
been found in these cavities, and the supposed temperature of con- 
solidation has been confirmed in various ways. Empty, vitreous cav- 
ities are often found, showing that, while quartz and granite rocks 
have been deposited from watery solutions, porphyries, trachytes, etc., 
have been fused.— Les Mondes. C. 


“ Narrow-Gauge” in Germany.—Buresch (Zeits. des Archit.- 
u. Ing.-Ver. in Hannover, Heft 2, 1877) and Plate ( Wochen. des 
Ocster.-Ing.- u. Archit.-Ver., June 23) give interesting accounts of a 
new narrow-guage railway in the grand-duchy of Oldenburg, con- 
necting Wederstede with the main Oldenburg line at Ocholt. The 
neighboring district is entirely agricultural, population sparse, freight 
small, fares low, land poor, and yet, thanks to rigid economy in con- 
struction and management, the investment “ pays.” 
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THE CONVECTION THERMOSCOPE FOR PROJECTION. 


By Lx R. C. Cooney, Ph. D. 


By means of the Convection Thermoscope, devised in 1871,' and 
that form of it described in this JouRNAL, vol. Ixx, p. 134, it is 
possible to illustrate many of the most delicate effects of heat, with 
success otherwise to be attained only by means of a sensitive thermo- 
pile and galvanometer. But to make it most useful for purposes of 
instruction, its delicate indications must be projected on a screen. In 
the earlier forms of the instrument, this was accomplished by 
sending a beam of light through the chamber lengthwise of the needle. 
The accompanying cut represents a later form, in which the obvious 
disadvantages of that method are avoided, and results obtained which 
seem to be sufficiently satisfactory to warrent a permanent record. 

For a full description of the instrument, and the theory of its action, 
the reader is referred to the articles above mentioned. A _ brief 
reference to its most important parts will, in connection with the cut, 
be sufficient for present purposes. 

The long and slender glass needle a, is suspended by means of a 
fibre of spun glass, or by two parallel fibres of cocoon silk, within a 
chamber whose double walls of plate glass, with the intervening air 
space, protect it from sudden changes of temperature. Upon one end, 
this needle carries a vertical disk or vane of gilt paper, while the other 
bears a narrow pointer of the same material. Just beneath the pointer 
is a glass scale, over which it may move. 

To project the motion of this pointer, it is illumined from below, 
and its image formed as by the well known vertical lantern. For 
this purpose the needle chamber is mounted upon supports and a 
mirror m placed between it and the base at an angle of 45°. A 
plano-convex lens is inserted in the bottom of the needle chamber just 
below the scale-glass, while in a corresponding opening in the top of 
the chamber is placed a second lens—the objective of the lantern. A 
parallel beam of light thrown from the lantern upon the mirror m, 
reflected upward through the lenses, and then thrown by the mirror n 


i Transactions of the Albany Institute, Vol. viii, p. 181. Journal oF THE FRANKLIN 
Instrruts, Vol. Ixvi, p. 343; vol. Ixvii, p. 408. 
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upon the screen, yields a satisfactory image of the scale and pointer, 
and reveals the slightest motion of the needle. 

Few and simple auxiliaries are needed: copper wires and test-tubes 
are the most important. Copper wires may be cut about six inches 
long, and each may be thrust through the centre of a flat cork which 
will serve the two-fold purpose of shielding the wire from the heat of 
the hand which grasps it, and of supporting it erect in the chamber 
by resting upon the top, when the wire is thrust through the opening 
ec. We can conveniently refer to these as proof wires. 

A few experiments 
selected from those 
which I am accustomed 
to make with an instru- 
ment of this kind, will 
indicate the class of 
illustrations to which 
it is adapted. 

Heat by Chemical 
Action.—1. Insert a 
thin test-tube, of such 
size that while the tube 
will pass through the 
opening ¢, the mouth 
of it will not, and of 
such length that when 
inserted it will reach 
down to a point about 
an inch below the level 
of the needle. Wet the 
end of a proof wire 
with oil of vitriol, and 
then touch it with a drop of water. Plunge the wire down into the 
test-tube immediately, and after a brief interval the needle swings 
towards the tube in obedience to the heat evolved by the chemical 
action of the liquids. 

The tube forbids the introduction of vapors into the chamber, and 
prevents any disturbance that might arise therefrom. The chemical 
action evolves heat, the proof wire receives it, and in turn imparts it to 
the walls of the tube, by which convection currents are set up in the 
air outside, wafting the needle vane towards the tube. 
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2. Into the mouth of the tube insert a small funnel; through this 
introduce a small quantity of nitric acid and add a clipping of copper. 
The motion of the needle toward the tube very quickly announces the 
heat produced in the chemical action of these two substances. 

8. Insert another test-tube, and fill it, as in the former experiment, 
nearly to the level of the needle with plumbic acetate. Add drops 
of potassic iodide. The precipitate falls at once, and the motion of 
the needle, in a few seconds, declares the change of temperature in 
the precipitation. 

Heat by Mechanical Action.—1. Remove the test-tube. Let the 
end of a proof wire be placed upon a surface of metal or of stone, and 
receive the blow of a hammer or a one-pound weight falling a distance 
of one foot upon it. Quickly insert the wire through the opening c. 
The needle approaches the wire, announcing the evolution of heat by 
the blow. 

2. Seize another proof wire by its cork, and draw the end of it once 
between two surfaces of wood gently pressed against it. Immediately 
insert the wire into the thermoscope, and the needle swings toward it, 
showing the rise of temperature by friction. 

Conduction of Heat.—Bend the upper part of a proof wire at right 
angles with the lower, and let it be long enough to reach horizontally 
beyond the edge of the instrument when the lower part is inserted 
through c. Apply the flame of a lamp to the projecting end of the 
proof wire. In sbout thirty seconds the needle is in motion toward 
the lower end of the wire, showing the transmission of heat from the 
distant end. 

Cold by Evaporation.—1. Plunge the end of a proof wire into water, 
and afterward by exposure to air let the fluid evaporate. Thrust the 
wire into the chamber, and after a few seconds the needle is in motion 
away from the wire, indicating reduction of temperature by evaporation. 

2. But if the temperature is very considerably reduced, as it may 
be often by the evaporation of ether instead of water, the needle 
swings toward the wire. It is because a well defined air current 
downward is produced by the greater reduction of temperature, and 
the adjacent parts of the medium are drawn toward the stream, 
carrying the needle with them. 

Radiation of Heat.—Place the flame of an alcohol lamp at a dis- 
tance of two feet in front of the cone 5. In about fifteen seconds the 
needle is in motion toward it. 
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The rays collected by the cone fall upon the charred paper, which 
closes the inner end and warms it. The consequent convection cur- 
rent drives the vane. 

The hand may be placed in front of the cone, and motion of the 
needle will ensue after a length of time depending upon the distance 
of the hand. 

Athermancy.—A sheet of glass, a tank of water, of alum, or any 
other substance, may be interposed between the source of heat and 
the mouth of the cone. The motion of the needle is prevented accord- 
ing to the athermancy of the screen. 

The sensitiveness of the thermoscope depends on the length and light- 
ness of the needle, and the character-of its suspension. In the in- 
strument with which the foregoing experiments have been made, the 
needle is twelve inches in length, and with its attachments weighs 
about two grains. It is suspended by a very fine fibre of spun glass, 
eighteen inches long. 

Illumined by the lime-light, the needle is, after a time, disturbed 
by the warmth of the beam itself. To postpone this difficulty, a tank 
of alum is interposed. The proximity of the hot lantern may also 
become troublesome when the experiments are continued for a long 
time, but this difficulty may also be obviated by a suitable screen. 

For the best success, the temperature of the instrument should be 
the same as that of the surrounding atmosphere. It is important, 
therefore, that the thermoscope, and all the materials to be used with 
it, should be gathered beforehand and left in position for use long 
enough to acquire the temperature of the room. If the temperature 
of the room is slightly lower than that of the interior of the instru- 
ment, the motion of the needle, for heat, in experiments in radiation, 
may be away from the eon of heat, instead of toward it ; it will be so, 
if the degree of heat applied has the proper relation to the difference 
of temperature between the inside and outside of the instrument.’ A 
heat sufficiently strong, however, will bring the needle toward itself 
in every case. 


‘ This apparent repulsion is not the effect of convection currents; it is due toa 
molecular transmission of energy from the heated surface outward to the needle-vane 
by the air at rest,—at rest, because two equal influences are soliciting it in opposite 
directions at the moment. This phenomenon was first described and explained by 
the present writer, Oct. 4th, 1875. See Proceedings of the Poughkeepsie Soc. Nat. Sei. 
Vol. i, p. 58. 
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REMARKS ON HAGEN’S PROOF OF THE METHOD OF 
LEAST SQUARES. 


By MansrreLp Merrimay, Ph. D., Instructor in the Sheffield Scien- 
tific School of Yale College. 


In 1837 Hagen’ put forth a new hypothesis or axiom, by which an 
accidental error of observation was regarded as the result of the 
combination of a large number of small elementary errors, applied to 
it the binomial formula, gave a simple method of finding its general 
term as the number of terms increases without limit, and showed that 
the negative exponent in the resulting expression was proportional to 
the square of the error of observation. I apply the words ‘‘ Hagen’s 
Proof” to all demonstrations of the Method of Least Squares which 
are based on these fundamental ideas, for to Hagen is due the great 
credit of having first shown the possibility of thus using them. 

Hagen was not the first te show that the coefficient of the general 


2 
term of the binomial expansion is proportional to the limite” when 


the number of terms becomes infinitely great. This was done by 
Laplace in 1812" and by Poisson in 1830 and 1836, but they gave no 
hint of the application of the idea to the theory of errors of observation. 
Young in 1819" used the binomial formula for the discussion of the 
probable error of the arithmetical mean, but he does not allude to its 
connection with the exponential, or attempt to apply it to investigate 
the problem of Least Squares. To Hagen is due the honor of intro- 
ducing a new proof, whose fundamental principles and methods are 
entirely different from any preceding demonstration. 

I might quote from many subsequent writers—Quetelet in 1846,” 
Wittstein in 1849," Encke in 1850," Price in 1865,"" Natani in 1866," 


i Grundziige der Wahrscheinlichkeitsrechnung, pp. 29-38. 

Théorie Analytique des Probabilités, pp. 296-300. 

lit Mém. Acad. Paris, Vol. ix, pp. 239-250. Comptes Rendus, Vol. ii, pp. 603-613. 
iv Philos. Trans., London, for 1819, pp. 70-81. 

' Lettres sur la Théorie des Probabilités, pp.384-387. 

“lt Lehrbuch der Differential- und Integralrechnung, Vol. ii, pp. 348-354. 

vii Berliner astronomisches Jahrbuch, for 1853, pp. 330-350, 
vit Infinitesimal Calculus, Vol. ii, pp. 376-379. 

ix Hoffmann’s Mathematisches Worterbuch, Vol. v, pp. 16-33. 
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Faa-de-Bruno in 1869,' Meyer in 1874," Kummell in 1876,"—to 
show that the method first given by Hagen is the very essence of 
their demonstrations. No two of these are exactly alike, and each 
perhaps contains simplifications or improvements upon Hagen’s 
presentation. Each author deserves credit for what he has done, but 
unless he has given something of more value than Hagen, Hagen’s 
name should be associated with the investigation. Price's discussion 
was undoubtedly derived from German sources, although not a word 
of acknowledgment is given. I call it “ Hagen’s Proof,” and con- 
sider the modifications as of little historic importance." 

Mr. Kummell, in the last number of this Journal (p. 273), claims 
that the expression deduced by Hagen, 


y= 


is an absurd one, since when we substitute for n its value o, it 
reduces to y==0. To which I reply that exactly the same objection, 
using the same logic, applies to his own expressions on p. 272. He 
gives 


y=V— 


and states that “m= oo,”’ hence introducing this value of m, we have 


yd 


Nothing is more dangerous in mathematics than the use of the 
symbols oo and 0, without a right comprehension of their meaning. 
Mr. Kummell’s use of these symbols and of the quantity dz is un- 
scientific and inconsistent. dz on p. 271 “is a constant for a par- 
ticular class of observations, larger for poor observations than for 


! Traité du Caleul des Erreurs, pp. 44-45. 

 Caleul des Probabilités, p. 215. 

i The Analyst, Vol. iii, pp. 188-135. 

v Price did not originate the idea of placing mdz? equal to the reciprocal of A2. 
This is due to Wittstein. Mr. Kummell was not the first to place dr = 2 Jz; this was 
done by Dienger in 1852; see Archiv der Mathematik und Physik, Vol. xviii, p. 152. 
In view of all these historical facts, it was rather indiscreet in Mr. Kummell to charge 
me with borrowing from his Analyst article. 
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good ones;’’ in the integration on p. 272, it is taken as a variable 
whose limit is 0 or nothing. Having shown that 


“omy where m = 0,” 


he regards this value of ¢ as “an absolute constant.” The true con- 
ception of oo and 0 as limits of variables can alone avoid error in 
their use.' 

Let y be the probability of the error z, and e the number 2°71828.., 
then, as shown in my article, 
2’, 
in which ¢ and A are quantities depending upon the precision of the 
observations. This is correct, says Mr. Kummell, “if ¢ be excepted, 
which has nothing at all to do with the precision of the observations,” 
and he offers some inconclusive reasons to show that its value is 
invariable. 

Laplace has said that the Theory of Probability is merely common 
sense reduced to calculation, and before proceeding to show that Mr. 
Kummell’s reasoning in regard to ¢ is unsound, let us test the question 
by the instinct of common sense. In the above equation let z= 0, 
then y=; ¢ is hence the probability of committing no error at all. 
Now does experience declare that the probability of committing no 
error is entirely independent of the skill of the observer or the pre- 
cision of the instrument? Suppose that a boy with a pop-gun fires 
at a target; is it just as probable that the exact centre will be hit as 
when the skilled marksman of Creedmoor takes aim with his rifle? 
Is it just as probable that there will be no error in an angle measured 
with the magnetic compass as when the finely graduated theodolite is 
used? Common sense refuses to give assent to such propositions, 
and the Theory of Probability, rightly interpreted, supports the 
decision of common sense by declaring that ¢ is related to the pre- 
cision of the measurement. 

If Mr. Kummell insists that ¢ is an absolute constant, it devolves 
on him to deduce its numerical value, but this he is unable to do. 


| 


= 4 


i To use an old illustration, let n = infinity, then also 2n = infinity, hence n = 2n 
or1=2! On pp. 183-135 of The Analyst, Vol. iii, we find 22 = w, 201 = » and 
Q=o. Are these w’s all equal? 
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His value for ¢ is 


“2 
where m = @.” 
mr 


If we insert in this Mr. Kummell’s value for m, we have, 
0=V0=0. 


Now are we to conclude from this that the value of ¢ is nothing ? 
If ¢ is not nothing, what is the constant value which Mr. Kummell 
claims for it? 

The following are the errors which Mr. Kummell’s reasoning (on 
pp. 271-272) contains: 1, that m is an absolute constant; 2, that o 
and its reciprocal 0 are absolute constants; 3, that dz is a finite 
quantity which governs the precision of the observations; 4, that it 
is allowable to eliminate m by separating m dz’ into the factors m and 
dz’; 5, that the test of integration is, under the above supposition 
as to dz, sufficient; 6, that in contradiction of this supposition, dz 
in the integral has a different meaning from the dz in the preceding 
equations. These errors combine to produce the correct value of ¢, 
but the interpretation of the meaning of that value is erroneous, 

Let an indefinite horizontal line be drawn, and at some point in it 
a perpendicular be erected to represent Mr. Kummell’s absolute value 
of c. Let a curve of facility of error be drawn for the two cases, 


and ** 


and it will be seen that the second curve is entirely enclosed by the 
first. The sum of all the possible values of y must in each case be 
unity. But this is impossible, for the area of the second curve is 
only a portion of the area of the first. This simple geometrical illus- 
tration, instead of “obscuring the subject,” sets forth clearly the 
defects of Mr. Kummell’s reasoning on the test for the value of c.' 
It is not merely on dz that the precision of the observations de- 
pends; it is upon the magnitude of the greatest practical error m dz, 
or upon the probabilities of several particular errors. 

It will be evident enough by this time, that Gauss, and the many 
writers who have followed him, are perfectly justified in regarding ¢ 


i In my Elements of the Method of Least Squares, p. 18, a graphical illustration of 
the precision of two sets of observations of unequal weight is given, supposing ¢ to 
be proportional to A. This is the common practical case. 
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as related to the precision of the observations, notwithstanding Mr. 
Kummell’s charges of “ hasty assumptions,” and “ theoretical blun- 
ders.” 

The above replies to Mr. Kummell’s fifth and fourth objections, 
and also shows that his third has no foundation, since his own reason 
why (m + 2) 4x? =a positive quantity is insufficient and incorrect. 
In my article it was explained that m is a number, that 4z is the 
abscissa unit, and that m Jz is the greatest possible error. The pro- 
duct (m + 2) 42* is accordingly a rectangle, whose base (m ++ 2) dz 
is indefinitely long, and whose altitude 4z is indefinitely short. As 
the curve becomes continuous, it hence approaches the limit o. 0, 
and for mere convenience we represent it in terms of A, and leave 
its value to be determined when occasion rises for its use. I frankly 
confess that my explanation of this and of his second point was not 
as full as it ought to have been in an elementary discussion, and I 
acknowledge the typographical error (p. 183, line 9 from bottom); 
the reading is “42 is an indefinitely small quantity of the same 
kind as x.” His first charge I deny squarely and emphatically. 


The Maiche Battery.—The inventor claims that his battery is 
energetic, constant with a single liquid, never polarizing, always 
ready, without change in the points of contact, and using only what 
is theoretically indispensable. It possesses an electro-motive force 
three-fourths as great as the Bunsen cell, and deposits a kilogramme 
of copper at a cost of less than a franc, or nearly an equivalent of 
copper for an equivalent of zinc. It serves equally well for furnish- 
ing powerful currents or currents of long duration.—Les Mondes. 

C. 

Clock Regulation.—In Vienna, clocks of public buildings and 
offices, stores, hotels, coffee-houses, private dwellings, etc., are now 
regulated by means of compressed air. The air is conveyed to all 
parts of the city in tubes, like gas, and a complete uniformity of time 
is established by a standard regulator.—Fortsch. d. Zeit. C. 


Kangaroo Leather.—Kangaroo hides have already become an 
important article of export from Australia. They make the most 
pliable leather that is known, admirably fitted for boot-legs, gloves, 
and riding whips. The skins are sent to Europe, some tanned, and 
some simply dried.—Fortsch. d. Zeit. C. 
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ON MARINE STEAM BOILERS: THEIR DESIGN, CON- 
STRUCTION, OPERATION, AND WEAR. 


By Cuas. H. Haswet, Esq., Member. 


[Read at the Eighteenth Session of the Institution of Naval Architects, at Glasgow, 
August, 1877; Lord Hampton in the Chair. ] 


In consequence of the announcement that the reading of Papers 
‘On the Marine Steam Boiler’’ would be entertained at the Glasgow 
Meeting of the Institution, I presume to address you ; and in so doing 
it is but just to note that as I did not'receive advice of the meeting 
until the 28th of June, I am consequently not only restricted to a very 
brief period of consideration of the subject, but am precluded from 
furnishing illustrations, in order that my communication should be 
received on or before July 24th, as required; and in a treatise on 
a subject so prolific in elements of consideration, the necessary short 
period assigned for its reading confines me to that design and con- 
struction of boiler which, in my opinion, is the most effective in oper- 
ation, economic in volume, weight, and cost, and enduring in operation. 
In submitting the following, I assume that the deductions of my own 
experience, observations and study, are asked for in brief and accept- 
able form, and not a republication of the observations of others, or 
tables of results, involving time and study to eliminate them for 
practical application ; and with this view of your requirements and 
my position I submit:—Of the several designs of boilers in general 
and accepted use for marine service, there are the over-head return ; 


- multi-fire tubular, with a steam chimney, as in the European marine; 


the cylindrical shell and furnace, with a combination of lateral and 
over-head return fire tubes, without a steam chimney; and the hori- 
zontal, or vertical direct multi-fire tubular, as applied in smal] ves- 
sels, tugs, and launches ; the latter (vertical direct) being only resorted 
to in exceptional cases, as when the construction and requirements 
of the vessel are dominant to economy of cost, space, and effect; and 
these are the only designs that I purpose to consider, as most others 
are but modifications of them in one or more of their features, or of 
a design unworthy of reference, inasmuch as they cannot success- 
fully compete with them in a combination of the elements necessary 
to the requirements of either the Commercial or Naval Marine, and 
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for the following causes:—The water tubes or cells, whatever their 
course or shape, where salt water or aught but exceptionally pure 
water is used, are not to be considered, in consequence of the coating 
of their inner surface with scale, and its arrest of communication of 
the heat, combined with the difficulty of removing it, added to the 
further difficulty of removing the ashes and soot from between the 
tubes. The drop flue is objectionable from the difficulty of washing 
or scaling the intermediate spaces between the flues, the delay in 
raising steam, its great proportionate length, and the exposure of 
the crown of its furnace to low water, and the necessity of an in- 
creased proportion both in diameter and height of smoke-pipe, for 
equal intensity of combustion; notwithstanding the effective applica- 
tion of its heat. A flue boiler, or one in which the internal passages 
beyond the bridge wall are wholly of a diameter exceeding that assigned 
to tubes, involves too great a volume and weight of boiler and water, 
without equivalent compensating advantages. All other accepted 
designs and forms, whatever their conformations or alleged differences 
and advantages, are but modifications of the type of boiler known as 
the multi-fire tubular return or direct, that is, a combination of 
furnace bridge, combustion chamber and tubes; the forms and propor- 
tions of each being progressively attained by the experience and 
observations of a host of laborers who have either preceded us, or 
are yet fellow workmen in the field of mechanical and physical devel- 
opment. Thus the dry bridge and combustion chamber are those of 
Wright in 1756, Dewrance in 1845, and Baker in 1846. The dead 
plate, that of Watt in 1785. The water bridge is that of Crampton 
in 1842, and Mills in 1851, and the air bridge, that of Slater in 1831. 
The horizontal fire tube is that of Bolton, of 1780, modified by Brics- 
son in 1828, Seguin and Booth in 1829, by the Hawthornes in 1839, 
and by Glasson in 1852. The vertical fire tube is that of Rumsey 
in 1788. The water bottom is that of Allen in 1730, and of Fraser 
in 1827. The vertical water spaces, or legs, are those of Stephens 
and Hardley in 1748, Napier in 1842, and Dundonald in 1843. The 
steam drum or dome is that of Stevens in 1803. The superheating 
of the steam is the design of Hateley in 1768, English in 1809, and 
of Allaire, with his steam chimney, in 1827. The hanging bridge is 
that of Johnson in 1818, and the cylindrical boiler with return flues, 
that of the Napiers in 1831. The introduction of air in the combus- 
tion chamber and over the fire in the furnace is the design of Thompson 
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in 1796, the Robertsons in 1800, Arnott in 1821, and Williams 
in 1839, and finally, the general design of a marine boiler is that of 
Symington in 1812. Assuming then, that the boiler best adapted 
and most effective for the marine service is the multi-fire tubular 
return, I further submit my views of its design, construction, ete. 

Design.—In the matter of design, the first element of considera- 
tion is its conformation, which is second only to its service, 
whether for a merchant or naval vessel; the first, unless an extreme 
of steam pressure is required, admitting of an exclusively over-head 
return; whilst the latter, from the restrictions of the shell to the 
least practicable dimensions as a cylinder, would seem to render a 
resort to lateral return tubes indispensable, in order to obtain the 
necessary proportion of transverse area. When the limit of dimen- 
sions of the shell is arrived at, the necessary area of grate, and the 
consequent volume of furnace, combustion chamber, calorimeter, or 

transverse area of tubes, and of smoke-pipe, are next to be considered. 

Grates.—As every practicable facility should be given to the ad- 
mission of air, the inter- or air-spaces should be as wide and as fre- 
quent as practicable. 

Furnace.—The volume of it should be fully sufficient to admit of 
the necessary combination of the products of combustion and of 
atmospheric air, and when it is considered that the proportion of water 
vaporized by the furnace surface, compared with that of the tubes, 
is very nearly one-half of the whole, the propriety of giving it the 
greatest practicable limit will be readily recognized. The volume of 
surplus air entering the furnace, or the amount over that chemically con- 
sumed in the combustion of the fuel, is less as the rate of combustion 
is increased ; and at a rate of 18 pounds per square foot of grate 
per hour, the volume may range from 35 to 50 cubic feet per pound 
of coal. That short furnaces are more effective than long ones, and 
that the coking of the coal gives an appreciable advantage. 

Bridge—The bridge is more exposed to heat than any other part 
of the absorbing surface, and, as a consequence, the current of water 
induced, when it is a water bridge, is correspondingly greater ; thereby 
the circulation of the water is increased and a more effective opera- 
tion, with economy of fuel, is attained; thus rendering the adoption 
of a water bridge preferable to a dry one, even allowing for the 
reduction of the temperature of combustion at that point consequent 
upon the portion absorbed by the water. The area of the opening 
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over the bridge or calorimeter, should be somewhat less than that of 
the tubes, the proportion being defined by the quantity of coal con- 
sumed per hour, and by the intensity of the draught of the furnace. 

Combustion Chamber.—When the furnace is restricted in volume, 
a combustion, or flame chamber, an intervening space between the 
bridge or terminus of the furnace proper and the face of the tubes, 
becomes indispensable to admit of the proper admixture of the pro- 
ducts of combustion. 

Ash-Pit.—Inasmuch as there are from 140 to 150 cubic feet of air 
at 62° Fahr. theoretically required for the combustion of a pound of 
coal of average quality, the area of the ash-pit opening should be equal to 
the admission of this volume, added to the surplus volume consequent 
upon the combustion, which is inversely as the rate thereof, the ve- . 
locity of current due to the height of the smoke-pipe being duly con- 
sidered. Entertaining these views as to the general features and 
requirements of a marine boiler, and aided by the deductions and | 
observations of experience and experiment, I assume the following: 
1st. The greater the area of grate, in a boiler of proper proportions, 
the less is the evaporation of water at like rates of fuel, and the same 
area of heating surface. That is, the combustion of the fuel and the 
absorption of the heat by the water are not as effective. 2d. The 
evaporation of water in a boiler is not directly as the fuel consumed. 
That is, the water does not receive heat in direct proportion to the 
fuel consumed, and a greater proportion of the heat escapes at the 
terminus of the tubes. 3d. The evaporation from the furnace is from 
two-thirds to one-half of that from the whole heating surface, accord- 
ing to the conformation and proportions of the boiler. That is, the 
direct effect of the fire is far in excess of that derived from the radi- 
ation of its heat. 4th. That evaporation, beyond the direct effect 
of the fire in the furnace, from equal lengths of continuous fire tubes, 
decreases in a geometrical proportion. That is, that with equal 
lengths and surfaces of tubes, the water evaporated therefrom 
will decrease one-half in effect for each length. 5th. That the 
combustion of coal can be made more effective and economical by the 
partial coking of it upon the dead plate at the furnace door, and also 
by the admission of air in proper volume, and at proper periods, at 
the furnace door, at the bridge, and in the combustion chamber. 
6th. That in a boiler properly designed and constructed, which 
conditions include material, riveting and bracing, there is no neces- 
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sity of proving much beyond their limit of maximum working stress, 
for it cannot under any normal operaticn be submitted to any greater 
stress, and an abnormal condition it is impracticable to provide for. 
Lastly. That foaming (priming) involves not only a waste of heat, 
but an uncertainty in the level of the water, that frequently neces- 
sitates the arrest of operation of the boiler, and is often the cause of 
its being burned, and sometimes of its disruption. Reviewing, then, 
these elements, I submit the following rules for the proportions and 
construction of a marine steam boiler, with multi-fire tubular return: 


CONSTRUCTION. 

For a Combustion of 16 pounds of Bituminous Coal per Square Foot 
of Grate per hour, with a depth upon the grates, not exceeding 9 
inches, heating surface 6 times the area of the grates, and with fresh 
water. (When salt water is used, one-twelfth is to be added to 
the surface.) 


Volume of Water from and at 212°. 


10 C + 25 = V, and by inversion == C, C representing 


the coal in pounds per square foot of grate per hour, and V the vol- 
ume of water vaporized in pounds. 


For a like Combustion of Coal, and heating surface 50 times the area 
of the grate. 
V—2% 


For a Combustion of 30 pounds of Bituminous Coal per Square Foot 
of Grate per hour, with a depth upon the grates of 12 inches, heat- 
ing surface 36 times the area of the grate, and with fresh water. 

Volume of Water from and at 212°. 


For a like Combustion of Coal, and heating surface 50 times the area 
of the grate. 
V— 2% 
When the evaporation is from a temperature of feed-water less 
than 212°, and at a pressure of steam exceeding that due to a like 


temperature of 212° as above given, the additional capacity of the 
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° 
boiler is determined by the formula ate ras proportional in- 


crease—H representing the total heat of the steam at the pressure 
required, and ¢ the temperature of the feed-water.  Illustration.— 
If the proportionate increase for a pressure of steam of 60 pounds 
per square inch (mercurial gauge), and a temperature of feed-water 


° ene 


if an equivalent evaporation from and at 212° as preceding, when 
the pressure of the steam and the temperature of the feed-water are 
given. 

Grates.—These should be made as thin as practicable with the stress 
to which they are to be subjected, in order to obtain the greatest area 
of air-spaces, which range from 4 to 43 of an inch, according to the 
condition of the coal used; and, although it may be very convenient 
to divide the extreme length of the grate into two or three lengths, 
their bearers and dead ends objectionably reduce both the current of 
air under and through the spaces; and they should be set at a de- 
pressed inclination to the bridge. 

Furnace.—The volume of it, above the grates, to admit of the 
ready combustion of the atmospheric air and the products of the 
fuel, should be from 2°75 to 3 cubic feet per square foot of grate, 
and where the volume is restricted to a less proportion than this, a 
combustion chamber over and beyond the bridge is imperative. It 
should also be enclosed with a water bottom. 

Ash-Pit.—The transverse area of it should be one-fourth the area 
of the grate surface. 

Bridge.—lIts transverse area, or calorimeter, may be reduced to from 
seven to eight-tenths of the area of the lower flues or of the tubes. 

Tubes.—Their transverse area, when the boiler is to be located in 
the hold of a vessel, cannot be determined by any fixed rule, for the 
evident reason, that in a great majority of cases, the transverse area 
in which they are to be set, is controlled by particular circumstances, 
as in length, width, and height, and consequently to admit of the neces- 
sary water and steam spaces, the proper area may not be attainable 
without a sacrifice of surface, and contrariwise; as the area of a tube 
increases as the square of its diameter, and the surface only as 
the diameter, large tubes, whilst affording the area, might be de- 
ficient in surface, and small ones, whilst affording the surface, would 
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be deficient in area. When height of a boiler can be had greater 
than the width, a section approaching a vertical ellipse can be resorted 
to, and the required area attained. When practicable, the area of 
the tubes should be fully 30 square inches for each square foot of 
grate surface, their length proportionate to the intensity of the com- 
bustion and draught, and their inclination upwards to the chimney. 
In general, their length within the range of 1 and 4 inches in diameter 
should be from 30 to 36 inches for each inch of internal diameter. 

Smoke-Pipe and Connections.—Their area should somewhat exceed 
that of the terminus of the tubes, in order to compensate for the 
right-angled flexure of the draught current, the excess being regu- 
’ lated by the height of the pipe, and the temperature of the products 
at its base. 

Shell and Furnace Plates.—With the results of the experiments 
of Fairbairn, Johnson, and others, added to those deduced from an 
extended practice, the necessary thickness of metal in a boiler, the 
diameter and number of rivets, the areas of staying, etc., are readily 
computed with a proper factor or unit for safe resistance; but inasmuch 
as there are very varying elements comprised in the construction of 
a boiler, a general assumption of tensile resistance of the plates and 
rods, and a uniform factor of safety, are not practicable to meet the 
demands of the high pressure of steam of the present day, and the 
exactness of economy of material, that the character of the profes- 
sion renders necessary. Thus, the iron varies not only in strength 
in different localities and manufactures, but is inherently of different 
grades, and it is to be considered :—Whether the boiler is to be oper- 
ated with fresh or salt water, or it is to be located under a second 
deck, and its lower surfaces to be exposed to the wash of bilge water, 
or moisture arising from wet coals, or whether the surfaces are to 
be regular as plain cylinders. If exposed to oxidation, a crystal- 
lized iron of the requisite tensile resistance is better adapted for wear 
than iron of a fibrous structure. In determining the factor of safety, 
then, reference should be had first to the quality of the material, its 
degree of elasticity, and then to what margin of deduction should be 
taken for the incidents of manufacture, the service to which it is to 
be exposed, and its wear. Asa general rule, a factor of 6 will be 
fully sufficient, and with a homogeneous iron of a high degree of 
elasticity, and for a boiler that will be properly cared for, a factor of 
5 will be as ample as one of 7 in many different and oft occurring 
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eases. I submit, however, that the thickness of the plates ean be 
more justly computed after their tensile resistance has been deter- 
mined, by deducting therefrom the loss due to the character of the 
riveting, viz., three-tenths for double riveting, and five-tenths for 
single, and then dividing by a common factor of safety, whereby the 
thickness of the plate would be determined proportionate to its actual 
strength. Where salt water is to be used it is proper to add one-sixth 
tothe thickness of the plate. When practicable, therefore, it will be 
very advantageous to know the exact tensile resistance of the plates, 
in preference to assuming a mean or general value. Thus, wrought 
iron boiler plates range in resistance from 48,000 to 62,000 pounds 
per square inch, the mean being 55,000; hence, if the plates to be 
used were of a value of 62,000, and the mean were taken, the excess 
of weight and metal in an ordinary marine boiler of 100 nominal 
horse power, would be 4980 pounds for the same strength of its plates ; 
and contrariwise, if the plates are below the mean, the computation 
should be made in accordance therewith. The thickness of the plates 
of a cylindrical boiler, or combustion chamber, or flue, is computed 
as follows :— 


(Jour. Frank. Inst., 


For Single Riveting. 


thickness. 


D representing the diameter in inches, and # the tensile resistance of 
the plates in pounds. 

Stayed Plates or Flat Surfaces.—By experiment it has been de- 
termined that a stay bolt ? inch in diameter at the base of its thread, 
screwed and riveted into a wrought iron plate ~ inch in thickness, 
will draw, at an average pressure of 24,000 pounds upon an area of 
20 square inches, and that the plate will perceptibly bulge at a pres- 
sure of 500 pounds upon a like area. Hence, using 4°5 as a factor 
of safety (riveting does not enter into the computation), the thickness 
is thus determined :— 


PX@# 


75500 = thickness. 


4] 
tg For Double Riveting. 
bx = thickness. 
fl 
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P representing the pressure in pounds per square inch, and d the 
distance between the centres of contiguous bolts or stays, or area of 
the surface. 


Thus 500 + 45—111 and] 


X20 
= ‘318 inch in thickness, 
Tix? 


for a bolt ? inch in diameter at base of thread, and “15500 = “76 
inch in thickness. 


Bolts and Stays.—F or the diameter of bolts and the area of stays, 
the following formulz will give the necessary dimensions :— 


Bolts.—d a = diameter of body of bolt, representing 


the distance between centres of the bolts, P the pressure in pounds 
per square inch, and RF the tensile strength of the metal. When 
screwed as well as riveted, the difference in their resistance is not 
sufficiently increased to authorize a material reduction of the above 
factor, but when screwed, the diameter must be taken at the base 6f 
the thread. The diameter of the body of a stay bolt should bear a 
just proportion to the thickness of the plate, say from 2 to 24 times 
the thickness of it. 


Stays — 4 = area of section, A representing area of surface. 


The increase of the factor in this case is in order to compensate for 
the decrease of strength of the stay in welding and bending. 


P 
Diagonal Stays.— tami tension on stay, L representing the 


angle of the stay and the line of pressure. Hence, >" area 


of section, and when salt water is to be used, add one-sixth to the 
area of the bolt or stay, as for plates. 


Marine Vertical Fire-tubular Boiler. For a Combustion of 10 pounds 
of Bituminous Coal per square foot of grate per hour, heating sur- 
Face 30 times the area of the grate, and with fresh water. 

Volume of Water from and at 212°. 
72x 860= 
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For a Combustion of 20 pounds of like Coal, and with like proportion 
of heating surface, ete. 
7+ 86C=V. 
For a combustion of 10 and 20 pounds of like Coal, and with a heat- 
ing surface of 50 times the area of the grate. 
20+ 86C=V. 
When salt water is used one-twelfth is to be added to the surface. 
Grates, furnace, bridge, tubes, plates, smoke-pipes, ash-pit, and steam- 
room, should assimilate to the proportions given for a horizontal return 
boiler as near as practicable, consistent with the difference in design. . 


Blowing off.—Where salt water is used it becomes necessary to 
blow or pump out the saturated water and matter in suspension, and 
this operation is rendered the most effective, and consequently the 
least expensive of heat, by blowing from the surface over the part 
where there is the greatest ebullition, and also from the bottom where 
the water is the most quiescent, and consequently it is the most dense; 

d in blowing, the operation should be very brief, otherwise a cur- 
rent will be induced that will extend to water other than that proper 
to be removed. 


Foaming.—The prevention of foaming (priming), requires not only 
a just proportionate volume of steam space in a boiler to that of the 
steam space in the cylinder and the number of strokes of the piston, 
but that the width of the water level over the furnace should be equal, 
if not superior, to that of the grate, in order that the ascending 
current of water from the sides of the furnace may not be so contracted 
at the water line as to involve a violent ebullition, and also that 
the entire water level should be proportionate to the intensity of the 
combustion and the revolutions of the attached engine. It is very 
difficult to assign a proportionate volume of steam-room to meet all 
cases, in consequence of the many and varying elements in connec- 
tion with the operation that induce foaming. As a general rule, 
however, it should be, whenever it is practicable of attainment, from 
four to five times the volume in cubic feet of the area of the grate in 
square feet. The presence of an external cylinder for the attach- 
ment of the steam and water gauges in order that the level of the 
water may be ascertained, is an exponent of a proportion of boiler 
that is not only not creditable to the profession, but is, in fact, a step 
backwards. 
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Auciliaries.—The auxiliaries to the operation of a boiler are feed- 
water heating, superheating the steam, blast draught, and blow-off. 

Feed-water Heating or “Economizer.’’—Feed-water can be raised 
above the temperature of its delivery from its pump, only at the 
expense of the heat of evaporation of the water in the boiler, unless 
it is heated external thereto, as at the base of the smoke-pipe, or as 
in a water door to the front connection. The circumstance that a 
coil of feed pipes may be placed in the combustion chamber or back 
connection of a boiler with economy of evaporation, proves only that 
the heat of its combustion was not fully absorbed for want of water 
surface, either from an insufficiency of it, or the existence of an un- 


due velocity of draught. If the heat of a boiler is fully utilized by © 


its proper surface, it cannot be absorbed more effectually, and if its 
flues and connections are justly proportioned they will not admit the 
accommodation of a coil of pipes, inasmuch as the extension of the 
connections of a boiler to accommodate them involves length, weight, 
and cost, without adequate compensation. 

Superheating.—Although the superheating of the steam is pro- 
ductive of increased effect with equal consumption of fuel, all that is 
required can be readily obtained in a steam chimney, without the in- 
troduction of any separate instrument or arrangement of pipes. In 
1828, when James P. Allaire invented and introduced this chimney, 
the cylinder pistons were packed with hemp gaskets, and the voids of 
the dise of the piston were filled with a light wood, in order to exclude 
water of condensation, and upon the very first essay with the chimney 
the steam was so superheated that it destroyed the hemp gaskets and 
charred the wood in the pistons. 

Steam Jet or Blast Draught.—The expenditure of the steam to 
maintain a steam jet, or a blast draught in any manner, in a boiler of 
proper proportions, is greater than the increase in the pressure of 
the steam, and consequent economy. Its utility therefore is confined 
to an increase of steam, when its acquisition is held to be superior to 
the economy of its cost. 

Seale or Sediment Preventer or Solvents —There are several kinds 
of material in use designed for introduction in a boiler to arrest the 
induration of the deposits from impure or salt water, and all appear 
to be equally indorsed. In my experience some of these materials, if 
judiciously introduced, both as to time and quantity, will effect the 
purpose that is claimed for them. 
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Effect of Scale-—When the loss of evaporation of water conse- 
quent upon the presence of scale in a boiler is justly considered, it 
will be found preferable to blow off the saturated water so freely as 
to preclude its deposit, inasmuch as the heat that will be lost by an 
excess of blowing is less than that lost by the non-conduction of it 
through the scale. 


GENERAL NOTES, 


For use in salt water the thickness of plates and the diameter and 
area of bolts and stays should be increased one-sixth. Wrought iron 
bolts and stays are reduced in strength by the following operations :-— 

Cutting the thread of bolts, . . =. 25 per cent. 


Welding, . 20 
Exposure to sudden strain, ‘ 


The mean tensile resistance of boiler plates is 55,000 Ibs. per square 
inch, and with the fibre it is from 8 to 10 per cent. greater than across 
it. Rivet iron at a temperature of 60° should have a tensile resistance 
of 60,000 Ibs. per square inch. The tensile resistance of steel varies 
80 materially that a computation of its resistance must be made for 
the particular article. As an exponent, however, the following table 
of the strength of plates of several manufactures is submitted : 


From } to 5; of an inch. 
Ibs. 
Cast steel, and, 95,200 
Puddled, 4 and 102,600 


The resistance of riveted steel plates with the holes drilled is from 
18 to 25 per cent. greater than when punched, depending upon the 
temper of the metal. The intensity of the draught of a smoke-pipe, 
is as the square root of its height. In the metal lining of a chimney 
room, the laps of the plates should lead upwards in order to shield 
sparks ascending from entering under the plates, and not downwards, 
as they are invariably set, as if they were to shed water falling from 
above. 
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THE FLOW OF WATER THROUGH AN OPENING IN A 
PIERCED PLATE. 


By C. E.' 


[Read before the American Philosophical Society, August 17th, 1877.] 


In the JouRNAL OF THE FRANKLIN INstITUTE, 3d Series, Vol. 73, 
page 123, will be found a hypothesis of the origin of the form of the 
vena contracta under certain conditions stated in the paper then pub- 
lished. It was shown that on the assumption that the efflux occurred 
from the layer or stratum of water under greatest pressure of water 
column, at the maximum velocity due to that column, the least section 
of the vena contracta would have half the area of the opening of 
efflux, provided the effect of frictional adhesion of the water to the 
bottom of the vessel, and the effect of the internal friction or vis- 
cosity of the water, were not considered. And it was noticed that 
the effect from these causes tended to enlarge the least section of the 
vein and increase the quantity of effluent water. 

Referring to the words of the paper: “If, however, there is ad- 
mitted to exist a 


2 


certain adhesion 
\ a. to the bottom of 
BY 0 the bottom o 
@ 
the vessel or to 
<——% > the surface, or 


the edges A A, so that the velocity of a particle on A B is less than 
that fully due to the head; the surface (d) would then become larger 
than } D, the dimension C A would be properly increased to give a 
corresponding area of efflux, and the conoid Z would also have such 
contour as would permit the uniformity of flow of each and every 


particle of the liquid at unchanged velocity, in any section of the AB} 
vena contracta transverse to the flow. This increase of dimension of de] 
the cross-section d, and the effect of the descending pencil in accel- Beit 
erating the flow through it, can be taken as sufficient to account for Bie 

_ Weisbach’s observed value of d = 0°8 D, and the position of the plane Bit 
of least section will be found at about }D below the orifice, as has bf 
been before quoted.” Bi 
Trans. Am. Philos, Soc. at 
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A further illustration of this subject can be instituted by accepting — 
the observed value of the least section of vena contracta, which is 
found to be 0-64 D in place of the hypothetical one of 4 D, and by 
deducing the form of the effluent vein backwards to the strata of 
water under greatest pressure. Thus, let it be supposed that Fig. 6 

¢-----------Ty-—--------> ‘represents (as in Fig. 5) an opening in a 

= «st thin plate, guarded or protected by a disc 
VY Z, of such contour, and so placed that a 

current flowing towards the opening shall 
Fie. 6 obtain the maximum velocity due to the 
head, and be diverted from its horizontal to the vertical direction 
without change of velocity of any particle of the current. The con- 
tour of the vena contracta from the edge of the aperture to the plane 
of least section is taken to be an arc of a circle—the internal surface 
of a segment of aring. Let D be the diameter of the opening in the 
plate. Suppose d, the diameter of the least section of the vena con- 
tracta, to have the value given by observation, d=0-8 D, Then 
following the previous conditions of form of the conoid Z, we have, 
the diameter of the disc = D, = 1:13137 D, and the radius of the 
are of contour = n = 0°16569 D. It will now be observed that the line 
of the are of contour, if it is continued within the opening to sup- 
posed point of horizontal efflux—the circle A f 
of periphery of the disc, gives a stratum of : 
water f (shown more distinctly in Fig. 7), .} 
which is cut off from the effluent stream. 
This stratum has its greatest thickness of a ety 
f= 0-01358 D. These suppositions place the plane of least section 
== 0°152 D below the opening. 

In Fig. 8 will be seen a similar delineation of the contour of the 
vena contracta, and the lines of 
the current of maximum con- 
stant velocity, as modified by 
placing the plane of least section 
at its observed position, or 0°25 
D, below the opening in the plate. 
The contour of the vena con- 
tracta is here depicted as an arc 
of an ellipsis which has 0°166 D for its minor radius, and 0-275 D, 
nearly, for its major one, which will approximate closely to the true 
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parabolic form as suggested in the first paper. The thickness of 
the film or stratum f, which represents the resistance arising from fric- 
tion of water against the bottom and at the edge of the aperture, now 
becomes about 0-025 D. The angle @, which the current makes with 
the edge of the aperture, becomes about 35°. 

If these suppositions are correct, a re-entering mouthpiece, 
shaped to conform to the upper part of the elliptical arc, would give 
the same contour and sections to the vena contracta as that now found 
to proceed from free discharge at a plain aperture. It would seem 
also, from the tenor of this discussion, that by substituting a re-en- 
tering curve at A, Fig. 7, making the bottom of the vessel to conform 
to a reversal of the curve A f, giving the reversed elliptical arc @, at 
the edge of the orifice, so that the tangent of the curvature upwards 
at the edge should be about 35°, we should then obtain the theoretic 
least section from a frictionless horizontal surface of = half the area 
of the opening; and that such a form would be equally effective 
with the re-entering tube of Mr. Froude, in giving the current at the 
edge of the aperture its horizontal direction of least resistance, ac- 
companied by the greatest liquid pressure. 


THE DEVIATING FORCES OF AN UNSYMMETRICALLY 
BALANCED FLY-WHEEL. 


By Rospert Briee@s, C.E.' 


[Read before the American Philosophical Society, August 17th, 1877.] 


In the text-books of applied or practical Mechanics—Morin, 
Rankine, Weisbach, Fairbairn or others—it does not appear that 
any proper consideration has been given to the strains on the axis 
of a fly-wheel, which, correctly balanced with regard to the gravity of 
its masses, and also in the plane of rotation, yet without symmetry 
of position or mass of the balanced parts, is then accelerated or 
retarded to meet the usual requirements of a regulator of power. 
The fact that a fly-wheel must be balanced in one plane to run with- 
out vibratory effect at any given speed, and that, when thus balanced, 
the centrifugal forces of the parts will be in equilibrium and the axis 


i From the 7rans. Am. Philos. Soc. 
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permanent, is fully stated by all recent writers; but the condition of 
permanency of axis, when an unsymmetrically balanced fly-wheel 
gives out or absorbs force, has not been discussed. 

The following elementary case shows the proposition distinctly : 
Let it be supposed that a fly-wheel is formed of a pair of unequal 
weights at the extremities of arms (radii) of such length as will place 
the axis in the centre of gravity of the system, thus: 

M m 

where Mm=the masses and rR=the radii. Let Vj, V,, and »,, 
v, represent the two velocities. The admitted energy from the 
change of velocities of the masses is thus expressed by the equation : 


F=[(M ( V?— V2) + m (v,? —v,)] + 2g. (1) 
But from the condition of balancing 


m= ande, 


+ (3) 


Showing that the ratio of force given out by the two halves of the 
fly-wheels, under any change of velocity, during any instant of time, 
will be unity, and the axis be in equilibrium, when 1 = R-~r, and 
in no other case, and the masses and velocities become equal in the 
same case. 

This condition of unsymmetrical balancing of fly-wheels is by no 
means an unusual one. The castings of fly-wheels of steam engines, 
and more especially of pulleys for transmission of force which act 
generally more or less as fly-wheels, dre rarely of such uniformity as 
not to require balancing—nearly always done on the rim of the 
wheel, regardless of point of inequality, which is more frequently in 
the arms than in the rim. 

Perhaps the most striking instance is the case of the vertical 
blowing engine, where the whole weight of the pistons, crossheads 
and rods rests upon crank-pins inserted in the arms of two fly-wheels 
at points from one-fourth to one-third the radii of the rim, which. 
weight is counteracted by a suitable load at the rim opposite the 
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crank-pins. It is then found that much less load is needed to give 
comparative steadiness of motion than would be required to balance 
the parts, and that the blowing engine must be balanced to run 
at a given speed, and thus be liable to definite changes of motion 
of the fly-wheel each stroke. In all steam engines with single 
cylinders it must be recognized that during an instant of the stroke, 
the fly-wheel must, solely and unaided, maintain the speed and give 
out the whole power of the engine by retardation, while in most 
engines, during a considerable portion of the stroke, the fly-whee] is 
aiding, or assisting to impel, the shaft of transmission; of course 
receiving a corresponding impulse from other portions of the same 
stroke. 

The unbalanced forces which result from changes of speed of rota- 
tion of these unsymmetrical wheels, are transformed into pressures at 
the axes, and have to be sustained by the bearings and resisted by 
the frameworks which carry or support the same, in addition to any 
strain, proceeding from the mechanism employed in giving rotation 
or in transmission of power. As pressure or load upon the bearings, 
the increment of heat derived from friction may cause the total heat 
to surpass the limit of dispersion in cases where the direct weights of 
the fly-wheel approach, as they frequently do, the maximum load of 
practical endurance on the bearing surfaces. The apparently un- 
accountable heating of some fly-wheel bearings, where the absolute 
pressures from load or work are not so great as to cause heating, has 
been noticed by all practical mechanics, and the considerations now 
presented offer a reasonable hypothesis in explanation. 

In Mahan’s Moseley’s Mechanics will be found some mathematical 
investigations leading in this direction, see appendix notes D and E, 
but a study of these forces and an application of the theorem to the 
special case of a fly-wheel regulating force or power, are needed to 
complete the theory of practical mechanical construction. 


New Electric Lamp.—By the use of circular oblique theophores, 
with a special clockwork for each, E. Requier has succeeded in 
making an electric lamp which will operate for 24 hours. He thinks 
that the instantaneous obedience of the automatic theophore to its 
solenoid will enable him to divide a sufficiently intense electric cur- 
rent so as to supply a large number of his lamps.—C. £. C. 
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MUSIC OF THE MOONS. 


By Purny LL. D. 
A recent note from Professor Hall, the discoverer of the satellites 
of Mars, contains the following query: 

** Will the inner moon of Mars fall into harmony, or will it make a 
discord?” 

¥f we start from a point near the theoretical beginning of nebular 
condensation for the outer satellite,' and take 2 x 3 — 1 harmonic 
divisors, of the form div., , , = 3 div., — div., = div., + 3"°~', we find 
the following accordances : 


Numerator. _Divisors. Quotients. Observed. 
13:7 1 13700 13-692 Nebular radius. 
d,=3d,—d,= 2 6-850 6-846 Deimus." 
d,=3d,—d,= 5 2:740 2-730 = Phobus." 
d,=38d,—d,=—14 ‘979 1:000 = semi-diam. 
d,=3d,—d,= 41 333 = c. of rad. ose. 

In a letter to the editors of the American Journal of Science and 
Arts (Oct., 1877, p. 327), Professor Kirkwood calls attention to the 
rapid motion of the inner satellite, and asks: “ How is this remark- 
able fact to be reconciled with the cosmogony of Laplace?” He 
suggests a partial explanation, based upon the motions of Saturn’s 
ring, and concludes with the remark: ‘‘ Unless some such explanation 
as this can be given, the short period of the inner satellite will doubt- 
less be regarded as a conclusive argument against the nebular hy- 
pothesis.” 

This is undoubtedly true, if we accept the nebular hypothesis in 
the form in which it is popularly taught, and in which Laplace is 
commonly supposed to have held it. But there are probably very few 
among the students who have given the subject much careful atten- 
tion, who have supposed that all the planet-building has taken place 
at the “limit of possible atmosphere,” or the point of equal centrip- 
etal and centrifugal force. It may well be doubted whether the illus- 
trious French astronomer ever held such an opinion, and it is certain 


i Phil, Mag., Oct., 1877, p. 292. 


i These are the names proposed for the satellites by their discoverer, Prof. Asaph 
Hall. 
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that Sir William Herschel never did, for he speculated on the 
‘ gradual subsidence and condensation”’ of nebulous matter “ by the 
effect of its own gravity, into more or less regular spherical or 
spheroidal forms, denser (as they must in that case be) towards the 
centre.” ! 

As necessary consequences of such subsidence, there would be an 
acceleration of velocity in all the nebular particles, the acceleration 
being more rapid in the nucleus, than near the outer surface of the 
nebula. Many indications point to the simultaneous, or nearly 
simultaneous, initiation of numerous planetary centres, and it is very 
doubtful if either of the two-planet belts, except, perhaps, that of 
Neptune and Uranus, will be long regarded as having been * thrown 
off’’ by the mere increase of centrifugal velocity. 

At the very outset of my own investigations," I was careful to limit 
my acceptance of the nebular hypothesis to the qualified exposition 
of the Herschels. ‘‘ Neither is there any variety of aspect which 
nebule offer, which stands at all in contradiction to this view. Even 
though we should feel ourselves compelled to reject the idea of a 
gaseous or vaporous ‘nebulous matter,’ it loses little or none of its 
force. Subsidence, and the central aggregation consequent on sub- 
sidence, may go on quite as well among a multitude of discrete bodies, 
under the influence of mutual attraction, and feeble or partially op- 
posing projectile motions, as among the particles of a gaseous fluid.” “ 

It matters not whether there is such a thing as a luminiferous 
zether, or whether the hypothesis of such an entity is merely a con- 
venient assumption for the co-ordination of results which are due to 
the action of forces such as would exist in such a medium. The 
proper study of the forces, and of their mathematical consequences, 
is the great thing to be sought, and the numerous accordances which 
I have already found, show how prolific such studies may become. 
Those accordances, as it seems to me, are already sufficient to estab- 
lish the Herschelian hypothesis as a true theory, beyond the reach of 
all possible controversy. That the elastic, or quasi-elastic, forces, 
which are continually operating throughout the solar system, should 
extend the harmonic laws to the satellites, as well as to the planets 


i Herschel’s ‘‘ Outlines of Astronomy,” 3 871. 
Phil, Mag., April, 1876, 
iil Loe. cit. 
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and to the spectral lines, is a necessary consequence of the simplicity 
and unity of design which underlie the manifold phenomena of the 
universe. 

In the case of our own moon, as we have only two terms, Earth’s 
semi-diameter and Moon’s orbital major-axis, the harmonic equation 
is indeterminate; its direct solution is, therefore, impossible. I have 
elsewhere, however, called attention to the fact that Earth is central, 
in the belt which is bounded by the secular perihelion of Mercury and 
the secular aphelion of Mars, and this fact, together with the nearly 
synchronous rotation of all the planets in the belt, may be regarded 
as indications of common forces, such as would be likely to lead to 
common harmonies. The sixth and seventh divisors of the Mars 
series represent, respectively, the ratio of Earth’s semi-diameter to 
Moon’s major-axis, and the ratio of Earth’s axial rotation to its 
orbital revolution, viz. : 


d,= 38 d, — d, = 122. 120-5331 = Moon’s major-axis. 
d,=3 d,— d, = 365. 865°2564 = Earth’s year. 


The satellite-systems of Jupiter, Saturn, and Uranus, all present 
unmistakable evidences of harmonic influences, some of which I pro- 
pose to embody in a future article. Meanwhile, some of the readers 
of the JouRNAL may, perhaps, like the entertainment of trying to 
study them out by themselves. 


HAvVERFORD Oct. 17th, 1877. 


Jablochkoff Light.—In the second trial at the West India docks 
in London, a very large court was first lighted by four electric can- 
dles, softened by ground glass, so that the eye could read small 
characters at a great distance, without being dazzled or fatigued. 
The exterior and interior of many buildings on the wharves were then 
successfully illuminated. The light of each candle was equivalent 
to 100 gas-burners. The carbons which were enclosed between the 
porcelain plates worked easily, and the light was not of a very long 
duration — Les Mondes. 


New Vulcanizing Method.—MM. Turpin Fréres have received 
a platinum medal from the Société d’Encouragement, for new appli- 
cations of caoutchouc and gutta-percha, the hardening being effected 
by magnesia.—Les Mondes. C. 
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MEASUREMENT OF WATER MECHANICALLY SUS- 
PENDED IN STEAM. 


By PaALAMEDE Guzzi, C.E.' 


The greatest difficulty which is encountered in determining the co- 
efficient of evaporation of a steam generator, or the weight of vapor 
produced in a given time, is in measuring the water which it carries 
over from the boiler by mechanical action. 

This problem, which has acquired a greater importance since Hirn, 
Leloutre, and Hallauer, by their overthrow of the old theories of the 
steam engine, have opened the way to the true theory, is not yet 
completely solved. 

The only solution of real importance, among the many which have 
been hitherto attempted, is the one suggested by Hirn, and followed 
by the distinguished experimenters of the Industrial Society of Mul- 
house, and others. Even this leaves some uncertainty, so that the 
Mechanical Committee of that society has recently renewed its offer 
of a reward for a better method. 

Hirn’s plan consists in measuring the total heat of a given weight 
of steam, and comparing it with that which would be found in dry, 
saturated steam, as given by Regnault’s formula. His apparatus 
consists simply of a coiled tube, surrounded by water. 

But there is some indeterminate portion of the energy of the steam, 
which is so transformed as to be incapable of measurement. The 
vibrations generated by the flow of steam, in the coil, and in the sur- 
rounding water and air, as well as in the boiler itself, represent a 
transformation of heat into mechanical energy. A part is manifested 
in the form of sound, and is lost; only a small fraction of the re- 
maining portion can reappear in a greater elevation of the tempera- 
ture of the water. Moreover, during the flow of steam and its 
condensation in the coil, recent experiments have shown that there is 
a conversion of thermal into electric energy. 

It is true that Regnault’s experiments were made under similar 
conditions ; but for that very reason there is a greater need of other 
means of experimenting for purposes of comparison or confirmation. 

I have devised an apparatus, consisting mainly of a vessel which 
is filled with the steam of which it is desired to measure the humidity, 


! Abridged from a communication to the Milan College of Engineers and Architects, 
January 21st, 1877. 
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and which is protected, as much as possible, against radiation and 
consequent in- 
ternal conden- 
sation. Its 
capacity, and 
the weight of 
the vapor con- 
tained in it, 
being known, 
it is easy to 
ascertain the 
amount of dis- 
solved or sus- 
pended water. 

This recipi- 
ent, marked a 
in the accom- 
panying dia- 
gram, is made 
of copper, in 
the form of a 
cylinder with 
hemispherical 
ends, It has 
an upper valve 
5 b, and a lower 
Ss valve c, which 
is fastened by 
the screw d, to 
the bottom of 
the chamber e. 
This chamber, 
which serves 
as the envel- 
ope of the re- 
cipient a, is 
formed of the 
double bottom 
f, and the cov- 
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erg, which are both of cast iron, and the cylindrical sheet-iron wall h. 
The sides and top are protected by non-conducting materials, enclosed 
in the external envelopes 7, j, which are made of polished brass. 
The covering receives pipe leading to the valve 4, and contains the 
stop-cock k, as well as the stuffing-box /, through which passes the 
stem of the thermometer m. 

The double bottom f is put in communication, by means of the 
receiving valve n, with the steam-dome 0; by means of the openings 
p, with the chamber e; and, when desired, with the interior of the 
recipient a. The valves 6 and ¢ are worked by means of the hand- 
wheels s, and the spindles g, which traverse the stuffing-boxes r. In 
order to diminish, as much as possible, the transmission of heat from 
6 and ¢ to 8, the spindles are made hollow, and pierced with holes, so 
as to increase the surface of contact with the steam of the envelope 
e, while the heat conducting sections are diminished. 

In experimenting, the air is driven from e by opening & and m ; 
k is then closed, and after some time } and c are opened. After the 
air is driven from a, 6 is closed. After some seconds, when the 
equilibrium of pressure is established, ¢ and n are closed; the cover 
g is lifted, and the spindles g being withdrawn, the recipient a is re- 
moved to be weighed. The total weight, less the weight of the 
receptacle, gives the weight of the mixture of water and steam; deduct- 
ing the weight of an equal volume of dry saturated steam at the same 
temperature, we obtain the quantity of water dissolved in the steam. 

Care is needed in determining the tare of the vessel a. To take 
account of the vapor which is condensed upon the inner walls of the 
vessel and adheres to them, it will be well to experiment with a gene- 
rator from which no other vapor has been withdrawn, and which has 
not been heated for some time. Subtracting from the weight of a, 
thus filled with vapor, that of an equal volume of dry saturated vapor 
at the same temperature, we get the weight of the empty vessel, but 
internally bathed ; this is the tare. 

The apparatus could also be applied to the determination of the 
density of dry saturated vapors, under high pressures, for comparison 
with the results of Fairbairn and Tait,' and to find the values of r, in the 


P 
formula of Clausius, 


for comparison with those obtained by Regnault. 
P. Mag. [4], lxii, 230. 
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MEASUREMENT OF WATER MECHANICALLY SUSPENDED 
IN STEAM. 


By J. B. Knieurt. 


Having for a long time felt the want of a more satisfactory method 
of determining the amount of water carried out of the boiler by the 
mechanical action of the steam, when determining the evaporative 
efficiency of steam boilers, I conceived a device, about January Ist, 
1874, which, so far as depending upon the weight of a measured 
quantity of entrapped steam, was identical with that of Palamede 
Guzzi, an account of which is given on page 355. 

Preferring to submit my design to the test of experiment before 
publishing it, and being prevented from doing so up to this time, Mr. 
Guzzi is, of course, entitled to the claim of priority. 

It now becomes desirable, however, that I should give my plan, as 
it covers some points not embodied in his, and which seem essential 
to the accuracy of the result. 

The advantages claimed for my plan are: entrapping the steam to 
he tested, in exactly the condition in which it passes from the boiler 
in the normal condition of working ; and depending entirely upon the 
weight of the steam entrapped, thus avoiding errors arising from 
losses of heat during the experiment. 

All the methods heretofore proposed, including that of Mr. Guzzi, 
fail entirely in one or the other of these particulars. 

The article referred to gives the plan of Prof. G. A. Hirn as the 
best yet suggested, and which consists in measuring the total heat of 
a given weight of the steam under examination, and comparing it 
with that of dry saturated steam at the same pressure and tempera- 
ture. The apparatus there described consists of a simple condensing 
coil. 

Another form of apparatus for this method is that used in the 
boiler tests at the Centennial Exhibition, and described in detail on 
p- 111, current vol., and is considered the best in use in this country. 

By this method, whatever the apparatus used, corrections have to 
be made for losses by radiation from the conducting pipe and conden- 
sing vessel, and for absorption by the vessel, if of wood, and the specific 
heat of the vessel, and of the stirring apparatus, none of which can 
be more than approximately ascertained. 
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In the apparatus of Mr. Guzzi, the copper vessel in which the steam 
is to be weighed, is enclosed in, and filled from, an outside chamber 
with non-conducting sides, connected by a pipe to the steam dome of 
the boiler. With this arrangement, the steam, not being taken from 
the principal outlet of the boiler, is not of the normal quality, and 
is subject to some loss of heat by radiation from the chamber and 
connections. Moreover, after entering the weighing vessel, the steam 
is allowed to stand in a quiet state, and all the water held in sus- 
pension will be precipitated. 


The apparatus proposed by myself is shown in the figure, as in- 
tended to be inserted in the steam-pipe leading to the engine. A 
chamber a, formed by an enlargement of the pipe, has an opening at 
the top, large enough to admit the vessel 6; the opening to be 
covered by means of the lide. At each end of the chamber are the 
stop-valves dd’, and just beyond these is a by-pass, having in it 
the valve e. It is obvious that when the valves d d’ are open and e 
closed, all the steam, on its way to the engine, must pass through the 
chamber a ; or if it be desired to open the chamber, the valves being 
reversed, the steam will pass around the chamber through the by- 
pass. 
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